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COMPOSITIONS AND METHODS FOR INCREASING BONE MINERALIZATION 

TECHNICAL FIELD 

The present invention relates generally to pharmaceutical products and 
methods and, more specifically, to methods and compositions suitable for increasing 
the mineral content of bone. Such compositions and methods may be utilized to treat I 
wide variety of conditions, including for example, osteopenia, osteoporosis, fractures 
and other disorders in which low bone mineral density are a hallmark of the disease. 

BACKGROUND OF THE INVENTION 

Two or three distinct phases of changes to bone mass occur over the life 
of an individual (see Riggs, We.s, J. M.d 757:63-77, 1991). The first phase occurs in 
both men and women, and proceeds to attainment of a peak bone mass. This first phase 
.s achieved through linear growth of the endochondral growth plates, and radial growth 
due to a rate of periosteal apposition. The second phase begins around aue 30 for 
trabecular bone (flat bones such as the vertebrae and pelvis) and about aue 40 for 
cortical bone (e.g.. long bones found in the limbs) and continues to old age. This phase 
is characterized by slow bone loss, and occurs in both men and women. In women a 
third phase of bone loss also occurs, most likely due to postmenopausal estrogen 
deficiencies. During this phase alone, women may lose an additional 10% of bone 
mass from the cortical bone and 25% from the trabecular companment (see Riggs, 
supra). °° 

Loss of bone mineral content can be caused by a wide variety of 
conditions, and may result in significam medical problems. For example, osteoporosis 
IS a debilitating disease in humans characterized by marked decreases in skeletal bone 
mass and mineral density, structural deterioration of bone including degradation of 
bone microarchitecture and corresponding increases in bone fragility and susceptibility 
to fracture in afflicted individuals. Osteoporosis in humans is preceded by clinical 
osteopenia (bone mineral density that is greater than one standard deviation but less 
than 2.5 standard deviations below the mean value for young adult bone), a condition 
found in approximately 25 million people in the United States. Another 7-8 million 
patients in the United States have been diagnosed with clinical osteoporosis (defined as 
bone mineral content greater than 2.5 standard deviations below that of mature young 
adult bone). Osteoporosis is one of the most expensive diseases for the health care 
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system, costing tens of billions of dollars annually in the United States. In addition to 
health care-related costs, long-term residential care and lost workinu days add to the 
financial and social costs of this disease. Worldwide approximately 75 million people 
are at risk for osteoporosis. 

' The frequency of osteoporosis in the human population increases with 

age, and among Caucasians is predominant in women (who comprise 80% of the 
osteoporosis patient pool in the United States). The increased fragility and 
suscept.b>hty to fracture of skeletal bone in the aged is aggravated by the greater risk of 
accidental falls in this population. More than 1.5 million osteoporosis-related bone 
fractures are reported in the United States each year. Fractured hips, wrists and 
vertebrae are among the most common injuries associated with osteoporosis Hip 
fractures m particular are extremely uncomfortable and exnen.ivp f.r .h. 
tor women correlate with high rates of mortality and morbidity. 

Although osteoporosis has been defined as an increase in the risk of 
fracture due to decreased bone mass, none of the presently available treatments. for 
skeletal disorders can substantially increase the bone density of adults There is a 
strong perception among all physicians that drugs are needed which could increase 
bone density in adults, particularly in the bones of the wrist, spinal column and hip that 
are at risk in osteopenia and osteoporosis. 

Current strategies for the prevention of osteoporosis may offer some 
benefit to individuals but cannot ensure resolution of the disease. These strategies 
include moderating physical activity (particulariy in weight-bearing activities) with^the 
onset of advanced age, including adequate calcium in the diet, and avoidino 
consumption of products containing alcohol or tobacco. For patients presentin<^ with 
clinical osteopenia or osteoporosis, all current therapeutic drugs and strategies are 
directed to reducing further loss of bone mass by inhibiting the process of bone 
absorption, a natural component of the bone remodeling process that occurs 
constitutively. 

For example, estrogen is now being prescribed to retard bone loss 
There is, however, some controversy over whether there is any long term benefit to 
patients and whether there is any effect at all on patients over 75 years old. Moreover 
use of estrogen is believed to increase the risk of breast and endometrial cancer. 

High doses of dietary calcium, with or without vitamin D has also been 
suggested for postmenopausal women. However, high doses of calcium can often have 
unpleasant gastrointestinal side effects, and semm and urinary calcium levels must be 
continuously monitored (see Khosia and Rigss, Mayo Clin. Proc. 70 978-982 1995) 
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Other therapeutics which have been sugyested include calcitonin 
b.sphosphonates, anabolic steroids and sodium fluoride. Such therapeutics however 
have undesirable side effects (e.g., calcitonin and steroids may cause nausea and 
provoke an immune reaction, bisphosphonates and sodium fluoride mav inhibit repair 
5 of fractures, even though bone density increases modestly) that may prevent their usa«e 
(see Khosla and Rigss, .supra). 

No currently practiced therapeutic strategy involves a dru.' that 
stimulates or enhances the growth of new bone mass. The present invention provides 
compositions and methods which can be utilized to increase bone mineralization and 
10 thus may be utilized to treat a wide variety of conditions where it is desired to increase 
bone mass. Further, the present invention provides other, related advantages. 

SUMMARY OF THE INVENTION 

As noted above, the present invention provides a novel class or family of 
TGF-beta binding-proteins, as well as assays for selecting compounds which increase 
1. bone mineral content and bone mineral density, compounds which increase bone 
mineral content and bone mineral density and methods for utilizing such compounds in 
the treatment or prevention of a wide variety of conditions. 

Within one aspect of the presem invemion, isolated nucleic acid 
molecules are provided, wherein said nucleic acid molecules are selected from the 
20 group consisting of: (a) an isolated nucleic acid molecule comprising sequence ID Nos. 
1, 5. 7, 9, 11, 13, or, 15, or complementary sequence thereof; (b) an isolated nucleic 
acid molecule that specifically hybridizes to the nucleic acid molecule of (a) under 
conditions of high stringency; and (c) an isolated nucleic acid that encodes a TGF-beta 
b.ndmg-protein according to (a) or (b). Within related aspects of the present invention 
25 isolated nucleic acid molecules are provided based upon hybridization to only a portion 
of one of the above-identified sequences (e.g., for (a) hybridization may be to a probe 
of at least 20, 25, 50, or 100 nucleotides selected from nucleotides 156 to 539 or 555 to 
687 of Sequence ID No. 1). As should be readily evident, the necessary stringency to 
be utilized for hybridization may vary based upon the size of the probe. For example 
30 for a 25-mer probe high stringency conditions could include; 60 mM Tris pH 8 0 2 
mM EDTA, 5x Denhardfs, 6x SSC, O.^/o (w/v) N-laurylsarcosine, 0.5% (w/v) NP-40 
(nonidet P-40) overnight at 45 degrees C, followed by two washes with with 0 2x SSC 
/ 0.1% SDS at 45-50 degrees. For a 100-mer probe under low stringency conditions 
suitable conditions might include the following: 5x SSPE, 5x Denhardfs and 0 5% 
3:. SDS overnight at 42-50 degrees, followed by two washes with 2x SSPE (or 2x SSC) 
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/0. 1% SDS at 42-50 degrees. 

Within related aspects of the present invention, isolated nucleic acid 
molecules are provided which have homology to Sequence ID Nos 1 5 7 9 11 13 or 
15, at a 500/0. 60o/„, 750/0. 8O0/0, 9O0/0. 95o/„, or 98o/o level of homology utilizing a 
W,Ibur-L,pman algorithm. Representative examples of such isolated molecules 
mclude, for example, nucleic acid molecules which encode a protein comprising 
Sequence ID NOs. 2, 6. 10, 12. 14, or 16, or have homology to these sequences at I 
evel of 500/0. 6O0/0. 750/0, 8O0/0, 90o/o. 950/0. or 98o/o level of homology utilizing a 
Lipman-Pearson algorithm. ^ 

Isolated nucleic acid molecules are typically less than lOOkb in size and 
w,th.n certain embodiments, less than 50kb. 25kb. lOkb, or even 5kb in size Further' 
isolated nucleic acid molecules, witl.in other embodiments, do not exi..r in . "nK...,," 
ot other unrelated nucleic acid molecules (e.g., a subclone BAC such as de'scribTd in 
GenBank Accession No. AC003098 and EMB No. AQ171546). However, isolated 
nuc^,c acid molecules can be found in libraries of related molecules (e.,r for 

fTr^'t'T >T '^'''^'''^ 5.830.72.; and 

5,8 1,..8)^ Fmally. .solated nucleic acid molecules as described herein do not include 

r 5'.780,263T'""'" " '^"^^ •'^^^"^ 

Also provided by the present invention are cloning vectors wh.ch 
contam the above-noted nucleic acid molecules, and expression vectors which comprise 
a promoter (e.g., a regulatory sequence) operably linked to one of the above-noted 
nucleic acd molecules. Representative examples of suhable promoters include tissue- 

CMV I-E, SV40 early promoter, and MuLV LTR). Expression vectors may also be 
based upon, or derived from vin^ses (e.^., a "viral vector"). Representative examples 
of viral vectors include herpes simplex viral vectors, adenoviral vectors, adenovirus- 
assooated viral vectors and retroviral vectors. Also provided are host cells containing 
or compnsmg any of above-noted vectors (including for example, host cells of human^ 
monkey, dog, rat, or mouse origin). 

Trv K u- °^ P'"'""' '"^^hods of producing 

TGF-beta bmdmg-proteins are provided, comprising the step of culturing the 
aforementioned host cell containing vector under conditions and for a time sufficient to 
produce the TGF-beta binding protein. Within further embodiments, the protein 
produced by this method may be funher purified (e.g., by column chromatography 
affinity purification, and the like). Hence, isolated proteins which are encoded by the 
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above-noted nucleic acid molecules (^.^r.. Sequence ID NOs. 2, 4, 6. 8 10 14 or 
16) may be readily produced given the disclosure of the subject application. ' 

It should also be noted that the aforementioned proteins, or fragments 
thereof, may be produced as fusion proteins. For example, within one aspect^usion 
protems are provided comprising a first polypeptide segment comprising a TGF-beta 
bmdmg-protem encoded by a nucleic acid molecule as described above or a ponion 
thereof of at least 10, 20, 30, 50, or 100 amino acids in length, and a second 
polypept.de segmem comprising a non-TGF-beta binding-protein. Within certain 
embodiments, the second polypeptide may be a tag suitable for purification or 
recogn.tion (e.g., a polypeptide comprising multiple anionic amino acid residues - see 
US. Patent No. 4,851,341), a marker (e.g., green fluorescent protein, or alkaline 
phosphatase), or a toxic molecule (e.^., ricin). 

Within another aspect of the present invention, antibodies are provided 
which are capable of specifically binding the above-described class of TGF-beta 
bmdmg proteins (e.g., human BEER). Within various embodiments, the antibody may 
be a polyclonal antibody, or a monoclonal antibody (e.g., of human or murine origm) 
Wuhm further embodiments, the antibody is a fragment of an antibody which retains 
the bmdmg characteristics of a whole antibody (..^., an F(ab')„ F(ab), Fab' Fab or 
Fv fragment, or even a CDR). Also provided are hybridomas and other'cells which are 
capable of producmg or expressing the aforementioned amibodies. 

Within related aspects of the invention, methods are provided detecting a 
TGF-beta bmdmg protein, comprising the steps of incubating an antibody as describ^ed 
above under conditions and for a time sufficient to permit said antibody to bind to a 
TGF-beta bmdmg protein, and detecting the binding. Within various embodiments the 
antibody may be bound to a soUd support to facilitate washing or separation, and/or 
labeled, (e.g., with a marker selected from the group consisting of enzymes, fluorescent 
protems, and radioisotopes). 

Within other aspects of the present invention, isolated oligonucleotides 
are provided which hybridize to a nucleic acid molecule according to Sequence ID 
NOs. 1, 3, 5, 7. 9, 1 1, 13, 15, 17, or 18 or the complement thereto, under conditions of 
high stringency. Within further embodiments, the oligonucleotide may be found in the 
sequence which encodes Sequence ID Nos. 2, 4, 6, 8, 10, 12, 14, or 16. Within certain 
embodiments, the oligonucleotide is at least 15, 20, 30, 50, or 100 nucleotides in 
length. Within further embodiments, the oligonucleotide is labeled with another 
molecule (e.g., an enzyme, fluorescent molecule, or radioisotope). Also provided are 
primers which are capable of specifically amplifying all or a ponion of the above- 
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men„oned nucleic add molecules which encode TGF-be,a bind.ng-prceins 
u.,l,zed here,n, ,he ,enn "specifically amplifying- should be understood ,o refer '.o 
pr.™ers w ,ch amplify ,he aforementioned TGF-beu binding-prceins, and no, other 
TGF-beta bmdms proteins such as Dan, Cerbents, Gremlin, or SCGF (U.S. Patent No. 

d«,., provided for 

detectmg a nucle.c acd molecule which encodes a TGF-beta bindin- protein 

IT"' f k T °' ^"'""""^ " Oligonucleotide as descrtbed above unde" 
W t clf ""^T'^^'- ^^""^-ion of said ol.gonucleotide. 

" ""----^^^ ^= -a/or bound to a 



10 

solid support. 



15 



20 



25 



30 



35 



Within other aspects of the present invention, ribozvmes i^.. 

wn,ch are capable of cleaving RNA which encodes one of the above.me„;io"n:d tc;: 
beta b,ndmg-pro,e,„s (e.g.. Sequence .D NOs. 2. 6, 8, ,0, 12, ,4, or ,6) Such 
nbozymes may e composed of DNA, RNA (including 2-.0-methy, ribonucleic acids) 

th^e ;"''°^.V7- "-'^i' -i^^ h-ins Phosphorothtoate linkages, or mixtures 
.her of. Also prov.de^ are nucleic acid molecules (c-.^., DNA or cDNA) which encode 

bo l: rr ^^^^-'^ °f - p-^-ing .he 

osmTdTand T:""r° °' '"^'"^^ — sposons, 

osm,ds, and vtral-based vectors ^e.g.. v,ra, vectors generated at least in pan from a 

etrovtnus, adenov.nts, or, adeno-associated virus,. Also provided are host cells (. / 

the ho"; M ™' r '"^^^ embodtment 

the host cell may be stably transformed with the vector. 

nr„H . '^""^'^ """"""^ provided for 

producng nbozymes either synthetically, or by /„ w„v, or ,„ w„„ transcrip ion Within 

l^t'T T ^° ^= f--- purged an : 

formal ted ,nto pharmaceuttcal compositions (e.g., the ribozyme or nucleic acid 

d.lt^ent . S.m.larly. the anusense oligonucleotides and antibodies or other selected 
molecules described herein may be formulated ,„.o pharmaceutical compositions 

are provided ""'"^ Present invention, antisense oligonucleotides 

are provided comprtsmg a nucleic acid molecule which hybridizes to a nucleic acid 
mo ecule according to Sequence ,D NOs. 1, 3, 5, 7, I ,, n. or ,5, or the com lem 
he to, and wheretn sa,d oligonucleotide inhibits the expression of TGF-beta binding 
P otem as descnbed herein (e.g., human BEER,. Within various embodiments Z 
Cgonuceottde ,s 15, 20, 25, 30, 35, 40, or 50 nucleotides in length. Preferably 
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ohgonuclemide is l«s ,ha„ 100, 75, o, 60 nucleotides in len,,h As should be readilv 
evden. the oligonucleotide may be comprised of one or more nucleic acid analogs 
r,bonucla,c acids, or deoxyribonucleic acids. Funher, ,he oligonucleotide may le 
modified by one or more linkages, including for example, covalem linkage such as a 
^ Phosphorothtoate linkage, a phosphotriester linkage, a methyl phosphonat'e linkage a 
me hylene(methylimino) linkage, a morpholino linkage, an amide linkage, a polya^ide 
hnkage a shon chain alkyl imersugar linkage, a cydoalkyl intersugar linkage, a shot, 
chatn he,eroatom,c intersugar linkage and a heterocyclic intersugar linkage One 
,0 Z™^^ ' ^^'"--i^ °'i«--'-.ide is provied in U.S. pLnt No. 

'^"'''">'='™"'=^^P^=< of the present invention, methods are provided 
for ,ncreas.ng bone mmeralization, comprising introducing into a w„„.K,„„... 

an effective amount of the ribozyme as described above.' Within r;iated~a:p'::.s"";:rh 
methods compnse the step of introducing into a patient an effective amount of the 
I. nudetc acd molecule or vector as described herein which is capable of producing .he 
destred nboxyme under conditions favoring transcription of the nucleic acid molecule 

to produce the nbozyme. 

„ro . w ""^^ '""'Senic, non-human animals are 

2""'^ embodiment a transgenic animal is provided whose germ cdls 

. Z T ' ""'""'^ ' TGF.beta binding-protem 

as described above which is operably linked to a promoter effective for the expression 
of the gene, the gene being introduced into the animal, or an ancestor of the animal a, 
an embryonic stage, with the proviso that said animal is not a human. Within other 
embodiments, transgenic knockout animals are provided, comprising an animal whose 
^ germ cells and somatic cells comprise a disruption of at least one allele of an 

ntdTa"TOP h h"'' """'""'^ ' ""^'^'^ 

encodes a TOF-binding protem as described herdn, wherein the disruption prevents 

.anscription of messenger RNA from said allde as compared to an animal witLt the 
disniption, with the proviso that the animal is no, a human. Within various 
> -bodiments, the distuption is a nucleic add ddetion, substitution, or, insenion 
Within other embodiments the transgenic animal is a mouse, rat, sheep, pig or do. 

Within further aspects of the invention, kits are provided fo° the 
detection of TGF-beta binding-protem gene expression, comprising a container that 
comprises a nucleic acid molecule, wherein the nucleic acid molecule is selected from 

o. SEQ ID NOs, 1, 3. 5, 7, 9, 1 1, ,3, or 15, (b, a nucleic acid molecule compris „g the 
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con,plen,e„, of ,he nucleotide sequence of (a); (c) a nucleic acid molecule ,ha, is a 
fragment of (a) o, (b) of a, leas, 15, 20 30. 50, 75, or, 100 nucleotides in length. Also 
provided are kits for the detection of a TGF-beta b.nding-protein which comprise a 
container tha, comprise one of the TGF-beta binding protein antibodies described 

3 herein, 

"i'Wn one aspect of the present invention methods are 
provided for detennining whether a selected molecule is capable of increasing bone 
mmeral content comprising the steps of (a) mixing one o, more candidate molecules 
w,th TGF-beta.b,ndins.protein encoded by the nucleic acid molecule according to 
c a,m I and a selected member of the TGF-beta family of proteins BMP 5 0^6) 
b) determmmg whether the candidate molecule alters the signaling of the TGF-beta 
family member, or alters the binding of the TGF-beta bindins-orotein to the Tr.F.K.,, 
tamily member. Within certain embodiments, the molecule alter, the ability of TGf" 
beta to funcrion as a positive regulator of mesenchymal cell differentiation. Within 
. IS aspect of the present invention, the candidate molecule(s, may alter signaling or 
binding by, for example, either decreasing (..,,., inhibiting), or increasing C,. 
enhancing) signaling or binding. = \ * . 

wh„h , "^f '" ^" P™""'" f°' determining 

w ether a selected molecule is capable of increasing bone mineral contend comprising 
the step of determining whether a selected molecule inhibits the binding of TOF-betl 
binding-protem to bone, or an analogue thereof Representative examples of bone or 
"a bifpfy P™^^^ ""P'^ Obtained 

of the above-recited methods, the selected 
molecule is contained within a mixture of molecules and the methods may further 
comprise the step of isolating one or more molecules which are functional within .he 
assay. W, hin ye. other embodiments, TGF-be,a family of proteins is bound to a solid 
support and the binding of TGF-beta binding-protein is measured or TGF-beta binding- 
protein are bound to a solid suppon and the binding of TOF-beta proteins are measured 
Utilizing methods such as those described above, a wide variety of 

inhibumg the binding of the TGF-beta binding-protein to the TGF-beta family of 
proteins. Representative examples of such molecules include proteins or peptides 
organic molecules, and nucleic acid molecules. 

Within other related aspects of the invention, methods are provided for 
mcreasing bone mineral content in a warm-blooded animal, comprising the step of 
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admrn-stenng to a warm-blooded animal a therapeutically effective amount of a 
molecule .dentifled from the assays recited here.n. Within another aspect, methods are 
provded for increasing bone m.neral content in a warm-blooded animal, comprism. 
the step of admintstering to a warm-blooded animal a therapeutically effective amount 
. of a molecule which inhibits the binding of the TGF-beta binding-p;otein to the TGF 
beta super-family of proteins, includmg bone morphogenic proteins (BMPs) 
Representative examples of suitable molecules include antisense molecules, ribozymes 
nbozyme genes, and antibodies (e.g., a humanized antibody) which specifically 
recognize and alter the activity of the TGF-beta binding-protein. 
> Within another aspect of the present invention, methods are provided for 

mcreasmg bone mineral content in a warm-blooded animal, compnsmg the steps of 
(a) mtroducmg mto cells which home to the bone a vector which dir...c .u. 
of a molecule which inhibits the binding of the TGF-beta binding-protein toTh7TGF- 
beta fam.ly of proteins and bone morphogenic proteins (BMPs). and (b) admmisterin. 
the vector-contammg cells to a warm-blooded animal. As utilized herein, it should b: 

penphera admm.strafon. Within one embodiment, such methods further comprise 

tT°h w't' °' T'""'- '^"^ '^^"^ °^ -hich home to 

t e bone. W.thm a futther embodiment, the cells which home to bone are selected from 
the group consisting of CD34+ cells and osteoblasts. 

^^l^^-- ^^P^'^^ °f the present invention, molecules are provided 
(preferably isolated) which inhibit the binding of the TGF hPt^ hi„w 
_ lOh-beta binding-protem to the 

1 uh-beta super-family of proteins. 

Within further embodiments, the molecules may be provided as a 
composition and can further comprise an inhibitor of bone resorption. Representative 
examp^s of such inhibitors include calcitonin, estrogen, a bisphosphonate, a growth 
factor having anti-resorptive activity and tamoxifen. 

Representative examples of molecules which may be utilized in the 
afore-mentioned therapeutic contexts include, e.g., ribozymes, nbozyme .enes 
antisense molecules, and/or antibodies (e.g.. humanized antibodies). Such molLlei 
may depending upon their selection, used to alter, antagonize, or agonize the signalling 
or binding of a TGF-beta binding-protein family member as described herein 

Within various embodiments of the invention, the above-described 
molecules and methods of treatment or prevention may be utilized on conditions such 
as osteoporosis, osteomalasia, periodontal disease, scurvy. Cushing's Disease bone 
tracture and conditions due to limb immobilization and steroid usage. 
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These and other aspects of the present invention will become evident 
upon reference to the following detailed description and attached drawings In 
addition, various references are set forth herein which describe in more detaircertain 
procedures or compositions (e.g., plasmids. etc.), and are therefore incorporated by 
reference in their entirety. 

BRIEF DESCRIPTION OF THE DRAWFNGS 

Figure 1 is a schematic illustration comparing the amino acid sequence 
of Human Dan; Human Gremlin; Human Cerberus and Human Beer. Arrows indicate 
the Cysteine backbone. 

Figure 2 summarizes the results obtained from surveying a variety of 
.u..an tissues for the expression of a TGF-beta binding-protein gene, specifically, the 
Human Beer gene. A semi-quantitative Reverse Transcription-Polymerase Chain 
Reaction (RT-PCR) procedure was used to amplify a portion of the gene from first- 
strand cDNA synthesized from total RNA (described in more detail in EXAMPLE 2A) 
Figure 3 summarizes the results obtained from RNA /„ sin, 
hybridization of mouse embryo sections, using a cRNA probe that is complementary to 
the mouse Beer transcript (described in more detail in EXAMPLE 2B) Panel A is a 
transverse section of 10.5 dpc embryo. Panel B is a sagittal section of 12.5 dpc embryo 
and panels C and D are sagittal sections of 15.5 dpc embryos. 

Figure 4 illustrates, by western blot analysis, the specificity of three 
different polyclonal antibodies for their respective antigens (described in more detail in 
EXAMPLE 4). Figure 4A shows specific reactivity of an anti-H. Beer antibody for H 
Beer antigen, but not H. Dan or H. Gremlin. Figure 4B shows reactivity of an anti-H 
Gremlin antibody for H. Gremlin antigen, but not H. Beer or H. Dan. Figure 4C shows 
reactivity of an anti-H. Dan antibody for H. Dan, but not H. Beer or H. Gremlin. 

Figure 5 illustrates, by western blot analysis, the selectivity of the TGF- 
beta binding-protein, Beer, for BMP-5 and BMP-6, but not BMP-4 (described in more 
detail in EXAMPLE 5). 

Figure 6 demonstrates that the ionic interaction between the TGF-beta 
binding-protein. Beer, and BMP-5 has a dissociation constant in the 15-30 nM ran^e. 
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DETAILED DESCRIPTION OF THE IN\^NT10N 

Definitions 

Prior to setting forth the invention in detail, it may be helpful to an 
understanding thereof to set forth definitions of certain terms and to list and to define 
3 the abbreviations that will be used hereinafter. 

"Molecule" should be understood to include proteins or peptides 
(.^^T., antibodies, recombinant binding partners, peptides with a desired bindin. 
affinity), nucleic acids (e.g., DNA, RNA, chimeric nucleic acid molecules, and nucleic 
acid analogues such as PNA); and organic or inorganic compounds. 
n> "IGF^" should be understood to include any known or novel 

^"P^'-^^'"''^' -hich also includes bone morpho.enic proteins 

(BMPs). 

" TGF-beta recep tor" should be understood to refer to the receptor 
specific for a particular member of the TGF-beta super-family (including bone 
13 morphogenic proteins (BMPs)). 

" TGF-beta hindino-proTHn " should be understood to refer to a protein 
with specific binding affinity for a particular member or subset of members of the 
TGF-beta super-family (including bone morphogenic proteins (BMPs)) Specific 
examples of TGF-beta binding-proteins include proteins encoded by Sequence ID Nos. 

Inhibiting the "bindino of the TGF-her. hinHino.p.^ tein to the Tr.F-h.t. 
family of proteins and bone morpho-^enic nrnt.in. ( Rx^.y- should be understood to 
refer to molecules which allow the activation of TGF-beta or bone morpho<.enic 
proteins (BMPs), or allow the binding of TGF-beta family members including bone 
-5 morphogenic proteins (BMPs) to their respective receptors, by removing or preventing 
TGF-beta from binding to TGF-binding-protein. Such inhibition may be accomplished 
for example, by molecules which inhibit the binding of the TGF-beta binding-protein to 
specific members of theTGF-beta super-family. 

^° ^ss^'^bly which is capable of directing the 
30 expression of desired protein. The vector must include transcnptional promoter 
elements which are operably linked to the gene(s) of interest. The vector may be 
composed of either deoxyribonucleic acids ("DNA"), ribonucleic acids ("RNA") or a 
combination of the two (e.g., a DNA-RNA chimeric). Optionally, the vector' may 
mclude a polyadenylation sequence, one or more restriction sites, as well as one or 
3. more selectable markers such as neomycin phosphotransferase or hygromycin 
phosphotransferase. Additionally, depending on the host ceil chosen and the vector 
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employed, other genetic elements such as an origin of replication, add.tional nucleic 
acd restncnon sites, enhancers, sequences conferring inducibil.tv of transcription and 
selectable markers, may also be incorporated mto the vectors described herein 

An " isolated nucleic acid molen.l. " is a nucleic acid molecule that is not 
mtegrated m the genomic DNA of an organism. For example, a DNA molecule that 
encodes a TGF-binding protein that has been separated from the uenomic DNA of a 
eukaryotic cell is an isolated DNA molecule. Another example of an'isolated nucleic acid 
molecule .s a chemically-synthesized nucleic acid molecule that is not integrated in the 
genome of an organism. The isolated nucleic acid molecule may be genomic DNA cDNA, 
RNA, or composed at least in part of nucleic acid analogs. 

An " isolated polypep tide" is a polyprptide that is essemially free from 
contammatmg cellular components, such as carbohydrate, linid nr nth.. 
.mpunt.es assocated with the polypeptide in nature. Within certain embodiments a 
part.cular protem preparation contains an isolated polypeptide if it appears nominally'as 
a smgle band on SDS-PAGE ge, with Coomassie Blue staining. "Isolated" when 
referrmg to organic molecules means that the compounds are greater than 90 percent 
pure ufhzmg methods which are well known in the aa (e.,.., NMR, melting point) 

m " '"rT" " ^ that was applied by Hansen 

(1967) (Hansen, H. G., Sklerosteose.In: Opitz, H.; Schmid. F., Handbuch der 
Kmderhe.lkunde, Berlin: Springer (pub.) 6 1967. Pp. 351-355) to a disorder similar to 
van Buchem hyperostosis cort.calis generalisata but possibly differing in radiolooic 
appearance of the bone changes and in the presence of asymmetric cutaneous 
syndactyly of the mdex and middle fingers in many cases. The jaw has an unusually 
square appearance in this condition. 

" Humanized antibodie s" are recombinant proteins in which murine 
complementary determining regions of monoclonal antibodies have been transferred 
from heavy and light variable chains of the murine immunoglobulin into a human 

variable domain. 

' "'>""'" °f antibody such 
« F(ab ) F(ab), F,b'. Fab. and .he Uk. Regardless of s.^cure, an antibody 
fragment binds with the same antigen that is recognized by ,he intac, antibody For 
example, an an,i-TGF-beta binding-protein monoclonal antibody fragment binds with 
an epitope of TGF-beta binding-protein. 

The term " antibody fragment " also includes any synthetic or genetically 
engmeered protein that acts like an antibody by binding to a specific antigen to form a 
complex. For example, antibody fragments include isolated fragments consisting of the 
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l.ght Cham variable region. "Fv" fragments consisting of the variable re..ons of the 
heavy and hght chains, recombinant single chain polypeptide molecules in which li.^ht 
and heavy variable regions are connected by a peptide linker ("sFv proteins') a^nd 
m,n.mai recognition units consisting of the amino acid residues that mimic the 

hypervariable region. 

A " detectable lahH " is a molecule or atom which can be conjugated to 
an anfbody moiety to produce a molecule useful for diagnosis. Examples of deiectabie 
labels mclude chelators, photoactive agents, radioisotopes, fluorescent agents 
paramagnetic ions, enzymes, and other marker moieties. 

As used herein, an "immunoconju^at^" is a molecule comprising an 
ant.-TGF-beta binding-protein antibody, or an antibody fragment, and a detectable 
label. An immunoconjugate has roughly the same, or onlv sliuhtlv r.Hn..H .k;.;>.. 
bind TGF-beta binding-protein after conjugation as before conjugation. 

Abbreviations : TGF-beta - "Transforming Growth Factor-beta" TGF- 
bBP - "Transforming Growth Factor-beta binding-protein" (one representative TGF- 
bBP ,s designated "H. Beer"); BMP - "bone morphogenic protein" PGR - 
"polymerase chain reaction"; RT-PCR - PGR process in which RNA is first 'transcribed 
into DNA at the first step using reverse transcriptase (RT); cDNA - any DNA made by 
copymg an RNA sequence into DNA form. 

As noted above, the present invention provides a novel class of TGF- 
beta bmdmg-protems, as well as methods and compositions for increasing bone mineral 
content m warm-blooded animals. Briefly, the present inventions are based upon the 
unexpected discovery that a mutation in the gene which encodes a novel member of the 
TGF-beta bmding-protein family results in a rare condition (sclerosteosis) characterized 
by bone mmeral contents which are one- to four-fold higher than in normal individuals 
Thus, as discussed in more detail below this discovery has led to the development of 
assays which may be utilized to select molecules which inhibit the binding of the TGF- 
betabinding protein to the TGF-beta family of proteins and bone morphogenic proteins 
(BMPs), and methods of utilizing such molecules for increasing the bone mineral 
content of warm-blooded animals (including for example, humans). 

Discussion ofthf. Disfa^f Known a-; <;rLERO.STF.n<;iK 
Sclerosteosis is a term that was applied by Hansen (1967) (Hansen H 
G , Sklerosteose.In: Opitz, H.; Schmid, F., Handbuch der Kinderheilkunde Berlin 
Springer (pub.) 6 ,967. Pp. 35.-355) to a disorder similar to van Buchem hyperostosis 
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conicahs se„eralisa,a bu, possibly differing in radiolc-ic appearance of ,he bone 
changes and ,„ ,he presence of asymmetric cutaneous syndactyly of the index and 

middle fingers in many cases. 

• . .. . Sclerosteosis is now known to be an autosomal semi-dominant disorder 
, wh.ch ,s charactenzed by widely disseminated sclerotic lesions of the bone in the adult 
The cond,t,on ,s progressive^ Sclerosteosis also has a developmental aspect which is 
assocated w.th syndactyly (.wo or more fingers are fused together). The Sclerosteosis 
Syndrome ,s assocated with large stature and many affected individuals attain a height 
of s,x fee, or more. The bone mineral content of homozygotes can be I to 6 fold o^r 
... normal ,nd,v,duals and bone mineral density can be I to 4 fold above normal values 
(e.g., from unaffected siblings). 

The Sclerosteosis Syndrome occurs primarilv in Afr;i..,„.„ r^..... 
descent in South Africa. Approximately 1/140 individuals in the Afrika'a^eTpo^uraZ 
are carrters of the mutated gene (heterozygotes). The mutation shows 100% 
. e etrance. There are anecdotal repom of increased of bone mineral density in 
heterozygotes w,th no associated pathologies (syndactyly or skull over-rowth) 

1. appears at the present time that there is no abnormality of the 
Pttuttary-hypothalamus ax.s in Sclerosteosis. In panicular, there appears to be no over- 

» ; "T.'"""""' '~ - '-'^ are 

aZ '"h r ' specific 

alka n! 'h T^''""' ' ^' <-CP). and total 

a . ne phosphatase; (see Cornier, C, O,,,-. Om RH... -243, 1995, indicate that 
ere s hyperosteoblasttc activity associated with the disease but that there is normal to 
shgh y decreased osteoclast activity as measured by markers of bone resorption 
. pyn tnoltne. deoxypryndinoline, N-te,opeptide, urinary hydroxyproline, p, sma 
tanrate-reststant acd phosphatases and galactosyl hydroxylysine (see Comier Jpra)) 
rhr„ h . S^rosteosis is characterized by the continual deposition of bone 
oug out t e skeleton during the lifetime of the affected individuals. In homozygotes 
h conttnual depos.tton of bone mineral leads to an overgrowth of bone in areas of the 
keleton where there is an absence of mechanoreceptors (skull, jaw, cranium) ,„ 
homozygotes „,.h Sclerosteos.s, the overgrowth of the bones of the skul, leads 
cr n,al compression and eventually to death due to excessive hydrostatic pressure on 
btatn stem. ,„ all other pans of the skeleton there ,s a generalized and diffuse 
sc erosts Corttcal areas of the long bones are greatly thickened resul.in.. in a 
substantial increase t„ bone strength. Trabecular connecttons are increased in thrckne. 
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which in turn increases the strength of the trabecular bone. Sclerotic bones appear 
unusually opaque to x-rays. 

As described in more detail in Example 1, the rare uenetic mutation that 
.s responsible for the Scierosteosis syndrome has been localized to the region of human 

> chromosome 1 7 that encodes a novel member of the TGF-beta binding-protein family 
(one representative example of which is designated "H. Beer"). As described in more 
deta,! below, based upon this discovery, the mechanism of bone mineralization is more 
fully understood, allowing the development of assays for molecules which increase 
bone m.nerahzation, and use of such molecules to increase bone mineral content and m 

• the treatment or prevention of a wide number of diseases. 

TGF-RFTA SUPF.R-FAMn V 

The Transforming Growth Factor-beta (TGF-beta) super-family contains 
a vanety of growth factors that share common sequence elements and structural motifs 
(at both the secondary and tertiary levels). This protein family is known to exert a wide 
spectmm of biological responses on a large variety of cell types. Many of them have 
important functions during the embryonal development in pattern formation and tissue 
spec.flcat.on; in adults they are involved, e.g., in wound heal.ng and bone repair and 
bone remodeling, and in the modulation of the immune system. In add.tion to the three 
TGF-beta s, the super-family includes the Bone Morphogenic Proteins (BMPs) 
Acfvms, inhibins. Growth and Differentiation Factors (GDFs), and Glial-Derived 
Neurotrophic Factors (GDNFs). Primary classification is established through general 
sequence features that bin a specific protein into a general sub-family. Additional 
stratification within the sub-family is possible due to stricter sequence conservation 
between members of the smaller group. In certain instances, such as with BMP-5 
BMP-6 and BMP-7, this can be as high as 75 percent amino acid homology between 
members of the smaller group. This level of identity enables a single representative 
sequence to illustrate the key biochemical elements of the sub-group that separates it 
trom other members of the larger family. 

TGF-beta signals by inducing the formation of hetero-oligomeric 
complexes of type I and type II receptors. The crystal structure of TGF-beta2 has been 
determ.ned. The general fold of the TGF-beta2 monomer contains a stable, compact 
cysteine knotlike structure formed by three disulph.de bridges. Dimerization, stabilized 
by one d.sulph.de bridge, is antiparallel. 

TGF-beta family members initiate their cellular action by binding to 
receptors with intrinsic serine/threonine kinase activity. This receptor family consists 
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of rwo subfa„„li=s, denoted type 1 and ,ype II recep.ors. Each member of ,he TGF-be,a 
fam.ly binds ,o a charac,eris,ic combination of type 1 and type 11 receptors, both of 
wh,ch are needed for signaling. In the current model for TGF-beta receptor activation 
TGF-beta f.rst btnds to the type II receptor (TbR-II), which occurs in the cell' 
membrane ,„ an oligomeric form with acttvated kinase. Thereafter, the type I receptor 
1 wh.ch can no, btnd ligand in the absence of TbR-II. is recruited into the 
complex. TbR-,I then phosphorylates TbR-I predominantly in a domain rich in glycine 
and^senne residues (OS domain) in the ,u.xtamembrane region, and thereby a^ivates 

idemified. ' '"^ " '"^'"'^ 



BOI^ MoRPHnGFNir PROTFIMv fBMP.> .nr l^rv D. ot^.^Tr,nv P»„....,..o 
DETFRMninjr, Rr^K-: n^jnfr^i nrKic iyy IN Hin.,A,.,^ 
A major advance in the understanding of bone formation was the 
.dentification of ,he bone morphogenic proteins (BMPs), also known as osteogenic 
proteins (OPs), which regulate callage and bone differentiation in vivo BMP;oP 
induce endochondral bone differentiation through a cascade of events which include 
fcnnation of cart.age, hypertrophy and calcification of the canilage. vascular invasion 

of the TGF.beu super-family. The striking evolutionary conservation between 
members the BMP/OP sub-family suggests that they are critical ,n the normal 

«::a^ -"'P'e forms of 

BMPs/OPs raises an important question about the biological relevance of this apparent 
r dundancy. In addition to postfetal chondrogenesis and osteogenesis, the BMPs/OPs 
p ay multtple roles in skeletogenesis (including the development of craniofacial and 
o™ Th organogenesis of parenchymatous 

few) molecular mechanisms tailored to provide the emergence of specialized tissues 
nd organs The BMP/OP super-family is an elegant example of nature parsimo^yl: 
programming muluple specialized functions deploying molecular isoforms with minor 
variation in ammo acid motifs within highly conserved carboxy-terminal regions. 

BMP AN7 AnnxitcN/. 
The BMP and Activin sub-families are subject to significant post- 
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translanonal regulation. An intricate extracellular control system exists, whereby a 
h.gh afr,n,ty antagonist is synthesized and exported, and subsequently complexes 

_ (1999) TIG /.(l).-6). Anumberofthesenaturaiantagonistshavebeen identified and 
. based on sequence divergence appear to have evolved independently due to the lack of 
pnmary sequence conservation. There has been no structural work to date on this class 
of protems. Studies of these antagonists has highlighted a dist.net preference for 
.nteractmg and neutralizing BMP-2 and BMP-4. Furthermore, the mechanism of 
.nh,b.t.on seems to differ for the different antagonists (S. lemura et al (1998) Froc 
1 0 Na// Acad Sci USA 95 93 3 7-9342). 



Novel TGF-rfta BffvfDTNr;-PRr>TciiM c 
1 Background re: TGF-beta binding-proteins 



As noted above, the present invention provides a novel class of TGF- 
beta b.nd,ng-proteins that possess a nearly identical cysteine (disulfide) scaffold when 
compared to Human DAN, Human Gremlin, and Human Cerberus, and SCGF (U S 
Patem No. 5,780,263) but almost no homology at the nucleotide level (for background 

Harland R.M., The Xenopus Dorsalizing Factor Gremlin Identifies a Novel Family of 
Secreted Protems that Antagonize BMP Activities," Molecular Cell y 673-683 1998) 
20 One representative example of the novel class of TGF-beta bindino- 

protems ,s d.sclosed in Sequence ID Nos. 1. 5, 9, ,3, and 15. Representative 
members of th.s class of binding proteins should also be understood to include variants 
of the TGF beta bmdmg-protein (e.g.. Sequence ID Nos. 5 and 7). As utilized herein a 

05 nil .'h ^^"^"^ n-leic acid molecules that encode a 

-:> polypepfde havmg an amino acid sequence that is a modification of SEQ ID Nos- ^ 

!ln; of TGF b T'"' "--»y-occurring polymorphisms or allelic 

var ants of TGF-beta bmdmg-protem genes, as well as synthetic genes that contain 
conservafve ammo acid substitutions of these amino acid sequences. Additional 
vanant forms of a TGF-beta binding-protem gene are nuc.e.c add molecules that 
contam msert.ons or deletions of the nucleotide sequences described herein TGF-beta 
bmdmg-protem variant genes can be identified by determining whether the genes 
ybnd,ze w,h a nucleic acid molecule having the nucleotide sequence of SEQ ID Nos 
1, ^ 7, 9, 1 1, 1., or 15 under stringent conditions. In addition. TGF-beta binding- 
protem vanant genes should encode a protein having a cysteine backbone. 
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As an alternative. TGF-beta binding-protein variant uenes can be 
.dentiHed by sequence comparison. As used herein, two amino acid sequences have 
100% ammo ac.d sequence identity" if the amino acid residues of the two amino add 
sequences are the same when aligned for maximal correspondence. Similarly two 

. nucleot.de sequences have ^00% nucleotide sequence identity" if the nucleotide 
residues of the two nucleotide sequences are the same when aligned for maximal 
correspondence. Sequence comparisons can be performed using standard software 
programs such as those included in the LASERGENE bioinformatics computin.^ suite 
which ,s produced by DNASTAR (Madison, Wisconsin). Other methods fo^ 

. comparing two nucleotide or amino acid sequences by determining optimal alignment 
are well-known to those of skill in the art (see, for example, Peruski and Peruski The 
Mernef and ,he Ne.. Biology: Tools for Genomic and Molecular R.s.nrrl. <\^^. 
Press Inc. 1997), Wu et al. (eds ), "Information Superhighway and Computed 

,T,7:c^:T " ^^"^ Biotechnology, pages 

12.-1M (CRC Press, Inc. 1997), and Bishop (ed ). Guide to Human Genome 
Computing, 2nd Edition (Academic Press, Inc. 1998)). 

A variant TGF-beta binding-protein should have at least a 50% amino 
acd sequence identity to SEQ ID NOs: 2, 6. 10, 12, 14 or 16 and preferably Greater 
than 60%, 65%, 70o/o, 75%, 8O0/0, 85%, 90%. or 95% identity. Alternatively TCF-beta 
bmding-protem variants can be identified by having at least a 70% nucleotide sequence 
■dentity to SEQ ID NOs: 1, 5, 9, 11, ,3 or 15. Moreover, the present invention 
contemplates TGF-beta binding-protein gene variants having greater than 75% 80% 
85/0, 90/O, or 95% identity to SEQ ID NO. l. Regardless of the particular method used 
to Identify a TGF-beta binding-protein variant gene or variant TGF-beta binding- 
protein, a variant TGF-beta binding-protein or a polypeptide encoded by a variant 
TGF.beta bmdmg-protein gene can be functionally characterized by, for example its 
ability to bind to and/or inhibit the signaling of a selected member of the TGF-beta 
family of proteins, or by its ability to bind specifically to an anti-TGF-beta bindino- 
protein antibody. ^ 

The present invention includes functional fragments of TGF-beta 
bmding-protein genes. Within the context of this invention, a "functional fragment" of 
a TGF-beta bmding-protein gene refers to a nucleic acid molecule that encodes a 
portion of a TGF-beta binding-protein polypeptide which either (I) possesses the 
above-noted function activity, or (2) specifically binds with an anti-TGF-beta binding- 
protein antibody. For example, a functional fragment of a TGF-beta binding-protern 
gene described herein comprises a portion of the nucleotide sequence of SEQ ID Nos 
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1. 5, 9, 11, 13, or 15. 

2. Isolation of the TGF-beta binding-protein gene 

DNA molecules encoding a binding-protein gene can be obtained by 
screening a human cDNA or genomic library using polynucleotide probes based upon 
for example, SEQ ID NO: 1 . 

For example, the first step in the preparation of a cDNA library- is to isolate 
RNA using methods well-known to those of skill in the art. In general. RNA isolation 
techniques must provide a method for breaking cells, a means of inhibiting RNase-directed 
degradation of RNA. and a method of separating R^^A from DNA protein and 
polysaccharide contaminants. For example, total RNA can be isolated by freezing tissue in 

liquid nitroj^en, urindins the frnren ^xntu r. . j , 

- " iiivjitai ajiu pcsiie lo lyse the cells 

extracting the ground tissue with a solution of phenol/chloroform to remove proteins and 
separating RNA from the remaining impurities by selective precipitation with lithium 
chloride (see, for example, Ausubel et al. (eds.), Shor, Protocols in Mohc.lar Biology. 3rd 
EJn.on^ pages 4-1 to 4-6 (John Wiley & Sons 1995) ["Ausubel (1995)"] Wu et al 
MeMs m Gem Biotechnology', pages 33-4 1 (CRC Press, Inc. 1 997) [" Wu ( 1 997)"]) 

Alternatively, total RNA can be isolated by extractiny ground tissue with 
guanidinium isoth.ocyanate, extracting with organic solvents, and separating RNA from 
contaminants using differential centrifugation (see, for example. Ausubel (1995) at pa-es 4- 
I to 4-6; Wu (1997) at pages 33-41). 

In order to construct a cDNA library, poly(A)- RNA must be isolated from a 
total RNA preparation. Poly(A)' RNA can be isolated from total RNA by usin- the 
standard technique of oligo(dT)-celluIose chromatography (see, for example, AuLbel 
(1995) at pages 4-11 to 4-12). 

Double-stranded cDNA molecules are synthesized from poly(A)^ RNA 
using techniques well-known to those in the art. (see, for example, Wu (1997) at pa-es 
41-46). Moreover, commercially available kits can be used to synthesize double- 
stranded CDNA molecules. For example, such kits are available from Life 
Technologies, Inc. (Gaithersburg, Maryland), CLONTECH Laboratories Inc (Palo 
Alto, California), Promega Corporation (Madison, Wisconsin) and Stratagene Clonin- 
Systems (La Jolla, California). ° 

The basic approach for obtaining TGF-beta binding-protein cDNA clones 
can be modified by constnicting a subtracted cDNA library which is enriched in TGF- 
bindmg-protein-specific cDNA molecules. Techniques for constructing subtracted libraries 
are well-known to those of skill in the art (see. for example, Sargent. "Isolation of 
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Differentially Expressed Genes,- in A*,/,. fi,,.„,„,. ^, ^, 

Construcon and Screening of Subrracred and Con,ple,e Expression cDNA Libraril - i 
A**«<v„,G«,«.&„tecA,,c./«g,. pases 29-65 (CRC Press, Inc. 1997)) 
5 libr,rv r '''"T ^PP'oPriate for ,he cons.mcion of a cDNA 

ba tenopbase. sucb as a XgMO vecor (see, for example, Huynh e, al., "Cons.r.c.in.- 
and Screen,n, CDNA Libraries in X,n,0 and .g.ll," in a.,...,„: A 
ApproacH , „/. /, Glover (ed ), page 49 (,RL Press, ,985); Wu (1997, a, pa.es 
, nl.™ H , ^"'7"""^- "■"'W^-^'^anded cDNA molecules can be insened in,o a 

cir rr t.'^ ^ "^'^ '^-^^^-^ ^v--^^ ^a jo,.a 

C^, on„a). a LambdaGEM-4 (Promega Corp.; Madison, Wiscons,n, or orber commercially 
available veaors, Surrable cloning vccors also can be obtained from . '! 

culture Collection (Rockville, Maryland). ■■" ' 

In order to amplify the cloned cDNA molecules, the cDNA libmry is 
mse.ed ,n,o a proka^otic host, using standard techn.ques. For example, a cDNA ZatC 
c^ be .nt^dttced ,„,o competent £ DH5 cells, which can be ob ained fl Ufe 
Technologies, Inc. (Gaithersburg Maryland). 

.he an (see for example, Ausubel (1995) at pages 5-1 to 5-6; Wu (1997) at pa..es 307-T27) 
Genomtc DNA can be isolated by lysing ttssue with the detergent Sar osy ,Ct „ tie 
lysate w,th proteinase K. clearing insoluble debris f,.m ,he lysate by cenrrr:ir„ 
prectpttattng nucleic acid from the lysate using isopt^panol, and purifying res^ 
DNA on a cesium chloride density gtadiem y = resuspended 

be„h, HK r^*'™°™"''*''''==""^'''''''''-*^P'°''''«i°nofagenomiclibra,ycan 
be obtamed by the random shearing of genomic DNA or by the paaial d,ges.,o„ of genom 
DNA w,th restncuon endonucleases. Genomic DNA fragments can be inserted intr a 
-or, such . a bactertopbage or cosmid vector, in accordance with convenZa 

«.e use of alkahne phosphatase treamten, to avoid undesirable joining of DNA molecules 

a„ (see, for exatrtple, Ausubel (1995) at pages 5-1 to 5-6; Wu (1997) at pages 307-327) 

also be „b, " •""'"""^^TGF-I'^a binding-protein gene can 

also be obtained us.ng the polymerase chain reaction (PGR) with oligonucleotide 

,h:rma:;Gp7'T"r^'"'"''^ "^^-^ 

he human TGF-beta b,nd,ng-pro.eln gene, as described herein. General methods for 
screening libraries with PCR are provided by, for example, Yu et al., -Use of Z 
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Polymerase Chain Reaction to Screen Phage Librar.es." in Me.hoJs in Molecular 
B,ology, Vol J 5: PCR Protocols: Current Methods and Applications, Wh.te (ed ) 
pages 211-215 (Humana Press, Inc. 1993). Moreover, techniques for usin. PCR to 
■solate related genes are described by, for example. Preston, ''Use of Degenerate 
Oligonucleotide Primers and the Polymerase Chain Reaction to Clone GeneVamiiy 

Members," m Methods in Molecular Biology, Vol. 15: PCR Protocols Current 

Methods and Applications, White (ed.). pages 3 17-337 (Humana Press, Inc. 1993) 

Alterriatively, human genomic libraries can be obtained from commercial 

sources such as Research Genetics (Huntsville. AL) and the American Type Culture 

Collecuon (Rockville, Maryland). 

A library containing cDNA or genomic clones can be screened with one or 
more polynucleotide probes based upon SEQ ID N0:1, usmu standard m.thnHc .... 
example, Ausubel ( 1 995) at pages 6- 1 to 6- 1 1 ). ^ - ■' • 

Ami-TGF-beta binding-protein amibodies, produced as described below 
can also be used to isolate DNA sequences that encode TGF-beta binding-protein »enes 
from CDNA libraries. For example, the amibodies can be used to screen L,, 
expression libraries, or the antibodies can be used for immunoscreening following 
hybnd selection and translation i^see, for example, Ausubel (1995) at pa^es 6.p to 6- 
16; Margolis et al., "Screening X expression libraries with antibody and protein 
probes," in DNA Cloning 2: Expression Systems, 2nd Edition, Glover et al (eds ) 
pages 1-14 (Oxford University Press 1995)), 

The sequence of a TGF-beta binding-protein cDNA or TGF-beta 
bmdmg-protein genomic fragment can be determined using standard methods 
Moreover, the idemification of genomic fragments containing a TGF-beta bindin»- 
protem promoter or regulatory element can be achieved using well-establishrd 
techniques, such as deletion analysis (see, generally, Ausubel (1995)). 

As an alternative, a TGF-beta binding-protein gene can be obtained by 
synthesizing DNA molecules using mutually priming long oligonucleotides and the 
nucleotide sequences described herein (see. for example. Ausubel (1995) at pa^es 8-8 
to 8-9). Established techniques using the polymerase chain reaction provide the ability 
to synthesize DNA molecules at least two kilobases in length (Adang et al., Plant 
Molec. Biol. 27:1131, 1993; Bambot et al.. PCR Methods and Applications 2 266 
199.; Dillon et al., "Use of the Polymerase Chain Reaction for the Rapid Construction 
of Synthetic Genes," in Methods in Molecular Biology, Vol 15: PCR Protocols- 
Curret^t Methods attd Applications, White (ed ), pages 263-268, (Humana Press Inc 
1 993); Holowachuk et al. . PCR Methods AppL 4:199, ] 995). 
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3. Production of TGF-beta binding-protein genes 

Nucleic acid molecules encoding variant TGF-beta binding-protein 
genes can be obtained by screening various cDNA or genomic libraries with 

polynucleotide probes having nucleotide sequences based upon SEQ ID NO I S 9 11 
:> 13, or 1., usmg procedures described above. TGF-beta binding-protein gene variants 
can also be constructed synthetically. For example, a nucleic acid molecule can be 
dev.sed that encodes a polypeptide having a conservative amino acid change, compared 
w.th the ammo acid sequence of SEQ ID NOs: 2, 6, 8, 10. 12 14 or 16 That is 
vanants can be obtained that contain one or more amino acid substitutions of SEQ ID 
... NOs. 2. 6, 8, ,0, 12, 14 or 16, in which an alkyi amino acid is substituted for an alkyl 
ammo ac.d in a TGF-beta binding-protein amino acid sequence, an aromatic amino acid 
IS substituted for an arnmafir am;r.^ o^:^ :_ - -t-^x- , . . .. 

" " '^^-oeta Dmding-protein amino acid 

sequence, a sulfur-containing amino acid is substituted for a sulfur-containing amino 
acid in a TGF-beta binding-protein amino acid sequence, a hydroxy-containing ammo 
!:> acid IS substituted for a hydroxy-containing amino acid in a TGF-beta binding-protein 
ammo acid sequence, an acidic amino acid is substituted for an acidic amino acid in a 
TGF-beta b.nding-protein amino acid sequence, a basic amino acid is substituted for a 
basic ammo acid in a TGF-beta binding-protein amino acid sequence, or a dibasic 
monocarboxyl.c amino acid is substituted for a dibasic monocarboxylic amino acid in a 
20 J OF-beta binding-protein amino acid sequence. 

Among the common amino acids, for example, a "conservative amino 
acid substitution" is illustrated by a substitution among amino acids within each of the 
following groups: (,) glycine, alanine, valine, leucine, and isoleucine (2) 
phenylalanine tyrosine, and tryptophan, (3) serine and threonine, (4) aspanate and 
glu^mate. (.) glutamine and asparagine, and (6) lysine, arginine and histidine In 
making such substitutions, it is important to, where possible, maintain the cysteine 
backbone outlined in Figure I 

Conservative amino acid changes in a TGF-beta binding-protein uene 
Z I ' Tu ^"^^^'^"^-2 ""c'eotides for the nucleotides recited in SEQ ID 
NO:l. Such "conservative amino acid" variants can be obtained, for example by 
oligonucleotide-directed mutagenesis, linker-scanning mutagenesis, mutagenesis using 
the polymerase chain reaction, and the like (see Ausubel (1995) at pages 8-10 to 8-^> 
and McPherson (ed.), Directed M.fagenesLs:- A Practical Approach (IRL Press 1990)' 
The functional ability of such variants can be determined using a standard method, such 
3:> as the assay described herein. Alternatively, a variant TGF-beta bindmg-protem 
polypeptide can be identified by the ability to specifically bind anti-TGF-beta binding- 
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protein antibodies. 

Routine deletion analyses of nucleic add molecules can be performed to 
obtam "functional fragments" of a nucleic acid molecule that encodes a TGF-beta 
brndms-protein polypeptide. As an illustration, DNA molecules havinu the nucleotide 
^ sequence of SEQ ID NO: 1 can be digested with Baf3 . nuclease to obtain a series of 
nested deletions. The fragments are then mserted into expression vectors in proper 
readmg frame, and the expressed polypeptides are isolated and tested for activity or for 
the ab.hty to bmd anti-TGF-beta binding-protein antibodies. One alternative to 
exonuclease digestion is to use oligonucleotide-directed mutagenesis to introduce 
deletions or stop codons to specify production of a desired fragment. Alternatively 
part.cular fragments of a TGF-beta bmding-protein gene can be synthesized using the 
polymerase chain reaction. 

Standard techniques for functional analysis of proteins are described by 
for example, Treuter et al., Molec. Gen. Gener. ..240:U2, 1993; Content et al' 
Expression and preliminary deletion analysis of the 42 kDa 2-5A symhetase induced 
by human mterferon," in Biological Interferon Sys,e..s, Proceedings of ISIR-TNO 
Meeting on l^nerferon Systems, Cantell (ed.), pages 65-72 (Nijhoff ,987); Herschman 
The EGF Receptor." in Comrol of Anintal Cell Proliferation, Vol y, Boynton et al 
(eds.) pages 169-199 (Academic Press ,985); Coumai„eau et a,.. ./ Biol Chem 
2 ^:29270 1995; Fukunaga et a,., ./ Biol Ghent. 2.-^0:2529,, 1995, Yamaguchi et a, ' 
B,ochem. Pharmacol 50:1295, ,995; and Meise, et al.. Plant Molec. Biol 30 1 1996 ' 
The present invention also contemplates functional fragments of a TGF- 
beta bindmg-protein gene that have conservative amino acid changes. 

A TGF-beta binding-protein variant gene can be identified on the basis 
of stnicture by determ.nmg the level of identity with nucleotide and amino acid 
sequences of SEQ ID NOs: I, 5, 9, ,1. ,3. or, 15 and 2, 6, ,0, 12, 14, or 16 as 
discussed above. An alternative approach to identifying a variant gene on the basis of 
structure .s to determme whether a nucleic acid molecule encoding a potential variant 
TGF-beta bmdmg-protein gene can hybridize under stringent conditions to a nucleic 
acid molecule havmg the nucleotide sequence of SEQ ID Nos: 1 5 9 11 13 or ,5 or 
a ponion thereof of at least 15 or 20 nucleotides in length. As 'an 'i I lustration of 
stringent hybridization conditions, a nucleic add molecule having a variant TGF-beta 
bmding-protein sequence can bind with a fragment of a nucleic add molecule having a 
sequence from SEQ ID NO: 1 in a buffer containing, for example, 5xSSPE ( IxSSPE = 
80 mM sodium chloride, 10 mM sodium phosphate, , mM EDTA (pH 7 7) 
SxDenhardt's solution (lOOxDenhardfs = 2% (w/v) bovine sen.m albumin 2o/o (w/v) 
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F,col , 2. (w/v) polyvinylpyrrolidone) and 0.5% SDS i„c„ba,ed ovemi.h, a, 5.-60"C 

(ixssc M " "''-"y o s.s^ 

(IxSSC - ,50 ™M sod,u„, chloride, ,5 „M .risodium ci,ra,e) or in 0.5xSSPE a, 55-60 

' Regardless of >he particular nucleotide sequence of a variant TGF-beta 

b,nd.„,.p,..e,„ ,ene, ,he gene encodes a polypeptide .ha, can he character! J hy 
funcona, acv.ty, or by the ability to bind specifically to an an.i-TGF-beta b,„d „ 
pro,e,n antibody. More specifically, variant TGF-beta binding-pro.e.n »e„es ncoJe 
polypeptides which exhibit at least 5(5°/ ar,H r u, 
,0 ono/ r.u ' ^ preferably, greater than 60 70 80 or 

4. Production of TGF-beta binding-protein in Cultured Cells 

To express a TGF-beta binding-protein gene, a nucleic acid molecule 
encod,„g the polypepnde ntus, be operably linked ,o regulator sequences tha" 
= .anscnpnonal express,on in an expression veaor and then inuodu Ji„,o a h s c 7 
add,t,on to transcnptiona, regulatory sequences, such as promote, and Jl'J 
expression vecto. can include translational regulatory sequence and a marlce ..^ "h ch 
.s sunable for selection of cells that cany the expression vector. 

Expression vectors that are suitable for production of a foreign protein in 
. eukaryouc cells ^.cally contain (I) proka^o„c DNA elements coding fof a TI, 

o Ae expression vector ,n a bacterial host; (2, euka^otic DNA elements that control 
.n,.,a„on of transcnption, such as a promoter; and ,3) DNA elements that conZr 
Ptocessmg of trans^ipts, such as a transcription ten^ination/polyadenylation sequence 

TGF-beta bmdmg-proteins of the present invention are preferably expressed 
n mammahan cells. Examples of mammalian bos, cells Include African .ZZT 

CRL 157^), baby hamster kidney cells (BHK-21 ATCC CRL 8S44^ . ■ i •/ 
(MDCK ATrr i-n ^K^- 8544), canine kidney cells 

(MDCK, ATCC CCL .4). Chinese hamster ovary cells (CHO-Kl ATCC CCL6n rat 
pituitary cells (GHl; ATCC CCL82), HeLa S3 cells (ATCC CCL. 7 h 
m-4.n F ATrr not ,^.ox o (Aicc CCL2.2), rat hepatoma cells 

; ^ S V40-«„sformed monkey kidney cells (COS-1 ATCC CRL 

1650) and munne embryonic cells (NIH-3T3; ATCC CRL 1658). ■ ^ILL CRL 

si™,u K ' '^""''"^ «nscrip„onal and ,ramla,ional «.^la,ory 

.gnals may be denved from viral sources, such as adenovints, bovine papilloma vi^ 
.m,an virtis, or ,he like, in which .he reguLory signals are associa„d with I Z 
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which has a high level of expression. Suitable transcriptional and translational reuulaton^ 
sequences also can be obtained from n^ammalian genes, such as actin, collagen, n^yo's-n and 
metallothionein genes. 

... "^''"'""P'*°"^'^^Sulatory sequences include a promoter re^,H^^ 
. d,rect the .n.t.ation of RNA synthesis. Suhable eukaryotic promoters include the promoter 

ofthemousemetaIIothionemIgene[Hameretal.,./.M./e.,^;,;,/.C.;,./ 7^73 igS''] the 
TK promoter of Herpes viais [McKnigh, Celf i/:355, ,982], the Sno early promoter 
[Beno.t et a.., Na.re 2P.:304, .98,], the Rous sarcoma vi.s promoter [Gon.an et a, 

^' oc. Na/ / Acad Sc . USA '9 6777 \QR'>-\ th^ , ■ 

^ ' ^^-J' cytomegalovirus promoter [Foeclcin" et al 
W V5:,0, ,930, a„a ,he ™ouse ....a^ J^:,-; ' 

Etcheven^, Expression of Engineered Proteins in Mammalian Cell Culmre," i"n Pro! 
B,g,„e.r,„g: Pnnapk. a.,dPrcc„ce. Cleland e. al. (eds.). oa.es I63-,X, r,„>,„ wn... 
Sons. Inc. 1996)). ' " -■>-- u. 

Alternatively, a prokaryotic promoter, such as the bacteriophage T3 RNA 
polymerase promoter, can be used to control TGF-beta binding-protein gene exptession in 
mammahan cens ,f the prokao^otic promoter is regulated by a eukaryotic promoter (Zhou et 
al.. Mol CM B„>l. ,0AS29. 1990; Kaufman e. al.. N„c,. A.iJsR.. W 1991) 

TGF-beta binding-protein genes may also be expressed in bacterial yeast 
■nsect. or plant cells. Suitable promoters tha, can be used to express TGF-beta bindin.^ 
protem polypeptides ,n a prokaryot.c host are well-known to those of skill in the an an'd 
include promoters capable of recognizing the T4, T3. Sp6 and T7 polymerases the P. 
and P, promoters of bacteriophage lambda, the ,rp. ,,cA. heat shock. laM^S. ,ac loi 

,t T L"' '"^^P™"-"'^- °f ^ P™-oters of fi. .„,*,//,,, the promoters Cf 
the bacteriophages of W/,„. iv«^,„„,,..„, p,„„„,,3, ,„ ^^^^^^^ ^^^^^^ 

phage lambda the */„ promoter of pBR322. and the CAT promoter of the chloram- 
phenKxil acetyl transferase gene. Prokaryotic promoters have been reviewed by Glick 

J. Ind Microbio . ] .277 1987 Wat<:r.n At ,i \a i , r^- , 

' ''""^'^^^^''''^^^^■^ Molecular Biology of ihe Gene, 4lh Ed 
(Benjamm Cummms ,987), and by Ausubel et al. (,995). 

Preferred proicaryotic hosts include £. coli and Bacillus suhnlus 
Suitable strains of £. coli include BL2,(DE3), BL21(DE3)pLysS BL2,(DE3W vsE 
DH,, DH4I, DH5, DH5I. DH5IF'. DH5IMCR, DHIOB. DH 0B;p3 Z I L^^^^ 
a?d ER,^;?' V,08;CSH,8 ERMsT' 

LTiJn ?o ^^^151, YB886, Min9 

MI120, and B,70 (see, for example. Hardy, "Bacillus Clonin. Methods " in DN4 
Uonmg: A Practical Approach, Glover (Ed.) (IRL Press ,985)). ' 
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„ , , ,, ^""""^ ^""'^'••^S P-^-eins in prokaryotic hosm are well-known ,o 
oseof sk„, ,„ .he ar, (see, for exa.ple, Wi,„an,s e. ak. -Expression of forln 
pro,e,ns ,n E. co„ using p,as„id vectors and purification of specific polyclona 
an.,bod,es ,n D^M Co,,/,,, 2: E^pres..,,,., Sy.,e„s. 2„a J,, ^ ^ ' 

» page ,5 (Oxford University Press 1,95); Ward e. ak, ■■Gene,. Manip!,! t 

pa~:w° TT' ~" ^'^'^ "-^^ 

page 1.7 (W„ey-L.ss. Inc. ,995); and Georgiou. "Expression of Pro.eins in Baceria " 

TCFI,., . 7'""""°"''"' P^^'''^^ 'T'cient means ,o introduce cloned 
TGF-,.,a M,ul„„.pro,en, genes into insect cells. Suitable expression vectors are based 
upon the ^,„og,apha cal>fon„ca multiple nuclear oolvhedrnL , . TZ^^ 
contain well-known promoters such as Z,.„v„p... h;at"7h;;:;::.I 
pron,o.er^„,„^.„^.<, „„,,^^^ ^^^^^^^^^^ imm diate-ear y 

promoter (.-y) and the delayed early SOK promoter, baculovirus plO proper a„d1 

«mT;*r;:r:r;"'^ /""'^ -"^ 

(ATCC '^''°'-">"^'>'-'-'i' pupal ovarian cell l,„e, such as Sfi 

I f ^ <'-i>'°Sen Corporation; San Dieoo CA) as 

well as Z,.„.»p.,V. Schneider-2 cells. Established ,echn„ues for producing 
ecombtnam protetns in baculovirus systems are provided by Bailey et ° 
Man,pulat,on of Baculovirus Vectors," i„ J ^^^J:, 

G>:ne Tran,fir and Expression Proloco/s. Muvm (ed ) „a„es 147 1««7tk u 
Press. Inc. 1991) by Pateletal "Th, h,. i • P^S^'"''-'^* (The Humana 

t byh-ateletak. The baculov.rus expression system," in OA-^ C/omw 
E.press,o.. Sys.,n,s. 2M EUmon. Glover « „/. (eds ), pages 205-244 (OxZ 
Un,ve.„y Press 1995), by Ausube, (,995) at pages ,6-37 to ^S-Sl. by Richar dTo 
ed. , Baa„lo.,n,s Expression Proiocols (The Humana Press, Inc ,995) and bv 
Lucknow, insect Ce„ Expression Technoiogy," .„ Pro,.in E.,^nee^pZl 
anCPra.„.e. Celand et al. (eds ), pages ,83-2,S (John Wiley & Sons, l„c 19^ 

a°,lh T *''°=P''°S"'='™' Ki"^'). •^i'/' (a,coho, dehydrogenase) AOXJ 

(alcoho, oxtdase), HIS4 (histidino, dehydrogenase), and the ,ike. Many yeast Con^T' 
vectors have been designed and are readiiy availabie. These vectors .„c ude Y p 1° 
vectors, such as Y.p5, YRp vectors, such as YRpl7, YEp vectors such as YEp,3 a„1 
YCp vectors, such as YCp,9. One skilled in the ar, will appreciate that Tere art 
w,de variety of suitable vectors for expression in yeast cells 

Expression vectors can also be introduced into plan, protoplasts, intaa p,an, 
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tissues, or isolated plant cells. General methods of culturing plant tissues are provided for 

example, by Miki et al.. "Procedures for Introducing Foreign DNA into Plants," in McMs 

m Plant Molecular BioJogs^aud Biotechnology ^ Click et al. (eds ), pages 67-88 (CRC Press 
1993). 

An expression vector can be introduced into host cells using a variety of 
standard techniques including calcium phosphate transfection, liposome-mediated 
transfection, microprojectile-mediated deliveo', electroporation, and the like Preferably 
the transfected cells are selected and propagated to provide recombinant host cells thai 
comprise the expression vector stably integrated in the host cell genome Techniques for 
introducing vectors into eukaryotic ceils and techniques for selecting such stable 
transformants using a dominant selectable marker are described, for example, by Ausubel 
(1995) and by Murray (ed.). Gem Transfer and Expression Prnu,rr,l. m..™o„o 
1991). Methods for introducing expression vectors into bacterial, yeast, insect, and plant 
cells are also provided by Ausubel (1995). 

General methods for expressing and recovering foreign protein produced by 
a mammalian cell system is provided by. for example, Etcheveny. "Expression of 
Engineered Proteins in Mammalian Cell Culture," in Protein Engineering: Principles and 
Practice, Cleland et al. (eds.). pages 163 (Wiley-Liss, Inc. 1996). Sundard techniques for 
recovering protein produced by a bacterial system is provided by. for example 
Grisshammere/a/., "Purification of over-produced proteins from E coli cells " in DNA 
Clonmg 2: Expression Systems, 2nd Edition, Glover et al (eds.) pages 59-9^ (Oxford 
University Press 1995). Established methods for isolating recombinant proteins from a 
baculovirus system are described by Richardson (ed ), Baculovinis Expression 
Protocols (The Humana Press, Inc., 1995). 

More generally, TGF-beta binding-protein can be isolated by standard 
techniques, such as affinity chromatography, size exclusion chromatography ion 
exchange chromatography, HPLC and the like. Additional variations in TGF-beta 
bind.ng-protein isolation and purification can be devised by those of skill in the art 
For example, anti-TGF-beta binding-protein antibodies, obtained as described below 
can be used to isolate large quantities of protein by immunoaffinity purification. 

5. Production of Antibodies to TGF-beta binding-proteins 

Antibodies to TGF-beta binding-protein can be obtained, for example 
using the product of an expression vector as an antigen. Particulariy useful anti-TGF- 
beta binding-protein antibodies "bind specifically" with TGF-beta binding-protein of 
Sequence ID Nos. 2. 6, 10, 12. 14, or 16, but not to other TGF-beta binding-proteisn 
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such as Dan, Cerberus, SCGF, or Gremlin. Antibodies of the present invention 
(mcluding fragments and derivatives thereof) may be a polyclonal or, especially a 
monoclonal antibody. The antibody may belong to any immunoglobulin class, and may be 
for example an IgG, for example IgG,. IgG,, IgGa, IgG,; IgE; IgM; or IgA antibody. It 
may be of animal, for example mammalian origin, and may be for example a murine, rat, 
human or other primate antibody. Where desired the antibody may be an internalising 
antibody. ^ 

Polyclonal antibodies to recombinam TGF-beta binding-protein can be 
prepared using methods well-known to those of skill in the art (see, for example. Green 
et al., "Production of Polyclonal Antisera," in Imm.mochemical Protocols (Manson 
ed.), pages 1-5 (Humana Press 1992); Williams et al., "Expression of foreign proteins 
m E. col, usmg plasmid vectors and purification of specific polyclonal antibodies," in 
DNA Cloning 2: Expression Systems, 2nd Edition, Glover et al. (ids.), page 1 5 (Oxford 
University Press 1995)). Although polyclonal antibodies are typically raised in animals 
such as rats, mice, rabbits, goats, or sheep, an anti-TGF-beta binding-protein antibody 
of the present invemion may also be derived from a subhuman primate antibody. 
General techniques for raising diagnostically and therapeutically useful antibodies in 
baboons may be found, for example, in Goldenberg et al., international patent 
publication No. WO 91/11465 (1991), and in Losman et al., Itu. ./. Cancer V6 310 

1 nnn ' 



The antibody should comprise at least a variable region domain The 
variable region domain may be of any size or amino acid composition and will generally 
comprise at least one hypervariable amino acid sequence responsible for antigen binding 
embedded in a framework sequence. In general terms the variable (V) region domain may 
be any suitable arrangement of immunoglobulin heavy (Vh) and/or light (V^) chain 
variable domains. Thus for example the V region domain may be monomeric and be a Vh 
or Vl domain where these are capable of independently binding antigen with acceptable 
afllnity. Alternatively the V region domain may be dimeric and contain Vh-Vh, Vh-Vl or 
Vl-Vl, dimers in which the and chains are non-covalently associated (abbreviated 
hereinafter as F,.). Where desired, however, the chains may be covalemly coupled either 
directly, for example via a disulphide bond between the two variable domains, or through a 
linker, for example a peptide linker, to forni a single chain domain (abbreviated hereinlfter 
as scF^.). 

The variable region domain may be any naturally occuring variable domain 
or an engineered version thereof By engineered version is meant a variable region domain 
which has been created using recombinant DNA engineering techniques. Such engineered 
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versions mciude those created for example from natural antibody variable regions by 
mserttons, deletions or changes in or to the amino acid sequences of the natural amibodies 
Particular examples of this type include those engineered variable reaion domains 
containing at least one CDR and optionally one or more framework ammo a^ds from one 
antibody and the remainder of the variable region domain from a second antibody. 

The variable region domain may be covalently attached at a C-terminal 
ammo ac.d to at least one other antibody domain or a fragment thereof Thus for example 
where a Vh domain ,s present in the variable region domain this may be linked to an 
.mmunoglobulin domain or a fragment thereof Similarly a domain may be linked 
to a domain or a fragment thereof In this way for example the antibody may be a Fab 
fragment wherein the antigen binding domain contains associated and domains 
covalently linked at their C-tennini to a CH] and dom.in r.c.„..„,.i„ -ru_ 
domain may be extended with further amino acids, for example to provide a'hingrregion 
domain as found m a Fab' fragment, or to provide further domains, such as antibody CH2 
and CH3 domains. 

Another form of an antibody fragment is a peptide coding for a single 
complementarity-determining region (CDR). CDR peptides ("minimal recognition 
units ) can be obtained by constrticting genes encoding the CDR of an antibody of 
mterest^ Such genes are prepared, for example, by using the polymerase chain reaction 
to synthesize the variable region from RNA of antibody-producing cells (see for 
example, Larrick et al., Methods: A Con^panion ,o Methods in En.yn.o/og,> r'l06 
1991; Courtenay-Luck, "Genetic Manipulation of Monoclonal Antibodies" in 
M..,ocfona, An,f,odie.: Produaion, Engineering and CHnical Applica.ion, Ritter'et al 
(eds.X page 166 (Cambridge University Press 1995); and Ward et al "Genetic 
Manipulation and Expression of Antibodies," in Monoclonal Antibodies: ^Principles 
and Applications, Birch et al., (eds), page 137 (Wiley-Liss, Inc. 1995)). 

Antibodies for use in the invention may in general be monoclonal (prepared 
by conventional immunisation and cell fusion procedures) or in the case of fragments 
derived therefrom using any suitable standard chemical e.g. reduction or enzymatic cLvaoe 
and/or digestion techniques, for example by treatment with pepsin. 

More specifically, monoclonal anti-TGF-beta binding-protein antibodies 
can be generated utilizing a variety of techniques. Rodent monoclonal antibodies to 
specific antigens may be obtained by methods known to those skilled in the art (see for 
example, Kohler et al., Nature 256A95, 1975; and Coligan et al. (eds) Current 
Protocols m Immunology^ 7:2.5. 1-2.6.7 (John Wilev & Sons 199]) ["Col^^an"] 
P.cksley et al., "Production of monoclonal antibodies against proteins expressed^in E. 
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conr in DNA Cloning 2: Expression Sys^ems^ IndEclition^ Glover et al. (eds ), paue 93 
(Oxford University Press 1995)). 

Briefly, monoclonal antibodies can be obtained by injecting mice with a 
composition comprising a TGF-beta binding-protein gene product, verifyin.- the 
. presence of antibody production by removing a serum sample, removinu the spleen to 
obtam B-lymphocytes. fusing the B-lymphocytes with myeloma cells to produce 
hybndomas, cloning the hybridomas. selecting positive clones which produce 
antibodies to the antigen, culturing the clones that produce antibodies to the anti-en 
and isolating the antibodies from the hybridoma cultures. 
10 In addition, an anti-TGF-beta binding-protein antibody of the present 

invention may be derived from a human monoclonal antibody. Human monoclonal 
antibodies are obtained from transgenic mice that have been enmneer.H ,n 
human antibodies in response to antigenic challenge. In this technique, elements of the 
human heavy and light chain locus are introduced into strains of mice derived from 
15 embryonic stem cell lines that contain targeted disruptions of the endogenous heavy chain 
and light chain loci. The transgenic mice can synthesize human antibodies specific for 
human antigens, and the mice can be used to produce human antibody-secretinu 
hybndomas. Methods for obtaining human antibodies from transgenic mice are described" 
for example, by Green et al., NaU.c Genet. " 13, 1994; Lonberg et al.. Natine 368 ^56 
20 1994; and Taylor et al.. Int. Immiin. 6:579, 1 994. 

Monoclonal antibodies can be isolated and purified from hybridoma 
cultures by a variety of well-established techniques. Such isolation techniques include 
aff^mty chromatography with Protem-A Sepharose, size-exclusion chromatography 
and ion-exchange chromatography (see, for example, Coliuan at pages 2 7 1-^ 7 P and 
25 pages 2.9.1-2.9.3; Baines et al., "Purification of Immunoglobulin G (IgG) " in Method, 
tn Molecular Biology, Vol. 10, pages 79- 1 04 (The Humana Press. Inc. 1 992)) 

Trv K u- ""'^ '^"''■■"^'^ '° P'-^P^'-^ ^••^^'"-"ts of anti- 

TGF-beta bmding-protein antibodies. Such antibody fragments can be obtained for 

example, by proteolytic hydrolysis of the antibody. Antibody fragments can be 

obtained by pepsin or papain digestion of whole antibodies by conventional methods 

As an Illustration, antibody fragments can be produced by enzymatic cleavage of 

antibodies with pepsin to provide a 5S fragment denoted F(ab'),. This fragment can be 

further cleaved using a thiol reducing agent to produce 3.5S Fab' monovalent 

fragments. Optionally, the cleavage reaction can be performed using a blocking group 

5 for the sulfhydryl groups that result from cleavage of disulfide linkages As an 

alternative, an enzymatic cleavage using pepsin produces two monovalent Fab 
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fragments and an Fc fragment directly. These methods are described, for example bv 
Goldenberg, U.S. patent No. 4,331,647, Nisonoff et al., ArcH Biochen. BiopHvs 
^P.230 1960. Porte, B,.cHen,. ./ ^3:U9, ,959. Edelman et al., ,n MerHods >n 
Enzynrology 7:422 (Academic Press 1967). and by Coligan at pages 2.8 1-2 8 10 and 
5 2.10.-2.10.4. 

Other methods of cleaving antibodies, such as separation of heavy chains 
to form monovalem light-heavy chain fragments, further cleavage of fragments or 
other enzymatic, chemical or genetic techniques may also be used, so long as 'the 
fragments bmd to the antigen that is recognized by the intact antibody 
10 Alternatively, the antibody may be a recombinant or engineered antibody 

obtamed by the use of recombinant DNA techniques involving the manipulation and re- 
expression of DNA encodmg antibody variable and/or constant region. .^...H nx,. 
known and/or is readily available from DNA libraries including' for example''pha<.e- 
antibody hbrar,es (see Chiswell. D J and McCafferty, J. Tibtech. 10 80-84 (1 99^)) or where 
15 des.red can be synthesised. Standard molecular biology and/or chemistry procedures may 
be used to sequence and manipulate the DNA. for example, to introduce codons to create 
cysteme residues, to modify, add or delete other amino acids or domains as desired. 

From here, one or more replicable expression vectors containing the DNA 
may be prepared and used to transform an appropriate cell line, e.g. a non-producino 
20 myeloma cell line, such as a mouse NSO line or a bacterial, e.g. KcoH line, in wh.ch 
production of the antibody will occur. In order to obtain efficient transcription and 
translation, the DNA sequence in each vector should include appropriate regulatory 
sequences, particularly a promoter and leader sequence operably linked to the 'variable 
domam sequence. Particular methods for producing antibodies in this way are generally 

7 T71 ""^'^ P-edures are 

described by Maniatis et al (Molecular Cloning, Cold Spring Harbor Laboratory. New 
York. 1989); DNA sequencing can be performed as described in Sanger e, al (PNAS 74 
5463. (1977)) and the Amersham International pic sequencing handbook; and site directed 
mutagenesis can be carried out according to the method of Kramer ./ al (Nucl Acids Res 

30 12. 9441, (1984)) and the Anglian Biotechnology Ltd handbook. Additionally there ^e 
numerous publications, detailing techniques suitable for the preparation of antibodies by 
manipulation of DNA, creation of expression vectors and transfor..ation of appropriate 
cells, for example as reviewed by Mountain A and Adair. J R in Biotechnology and Genetic 
Engineering Reviews (ed. Tombs, M P. 10. Chapter 1, 1992. Intercept. Andover, UK) and 

3--. m International Patent Specification No. WO 9 1 /09967. 

Where desired, the antibody according to the invention may have one or 
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more effector or reponer molecules attached to it and the invention extends to such 
modified proteins. The effector or reporter molecules may be attached to the antibody 
through any available amino acid side-chain, terminal amino acid or, where present 
carbohydrate functional group located in the antibody, always provided of course that this 
3 does not adversely affect the binding properties and eventual usefulness of the molecule 
Particular functional groups include, for example any free amino, imino, thiol hydroxyl 
carboxyl or aldehyde group. Attachment of the antibody and the effector and/or reponer 
molecule(s) may be achieved via such groups and an appropriate functional group in the 
effector or reporter molecules. The linkage may be direct or indirect, through spacin« or 
10 bridging groups. ^ 

Effector molecules include, for example, antineoplastic agents, toxins (such 
as enzymatically active toxins of bacte. ial or plant oriijin and fr..,m.nt<. tK».«.P . 
and fragments thereof) biologically active proteins, for example enzymes, nucleic acrdslnd 
fragments thereof, e.g. DNA, RNA and fragments thereof, naturally occurring and synthetic 
15 polymers e.g. polysaccharides and polyalkylene polymers such as poly(ethylene glycol) and 
derivatives thereof, radionuclides, particularly radioiodide, and chelated metals. Suitable 
reporter groups include chelated metals, fluorescent compounds or compounds which may 
be detected by NMR or ESR spectroscopy. 

Particular antineoplastic agents include cytotoxic and cytostatic agents for 
20 example alkylating agents, such as nitrogen mustards (e.g. chlorambucil, melphalan 
mechlorethamine, cyclophosphamide, or uracil mustard) and derivatives thereof' 
triethylenephosphoramide, triethylenethiophosphor-amide, busulphan, or cisplatin- 
antimetabolites, such as methotrexate, fluorouracil, floxuridine, cytarabine, mercaptopurine' 
thioguanine, fluoroacetic acid or fluorocitric acid, antibiotics, such as bleomycins (e 
^5 bleomycin sulphate), doxonibicin, daunorubicin. mitomycins (e.g. mitomycin C) 
actinomycins (e.g. dactinomycin) plicamycin, calichaemicin and denvatives thereof or 
esperamicin and derivatives thereof; mitotic inhibitors, such as etoposide, vincristine or 
vinblastine and derivatives thereof; alkaloids, such as elliptidne; polyols such as taxicin-I or 
tax.cin-II; honnones, such as androgens (e.g. dromostanolone or testolactone), progestins 
0 (e.g^ megestrol acetate or medroxyprogesterone acetate), estrogens (e.g. dimethylstilbestrol 
diphosphate, polyestradiol phosphate or estramustine phosphate) or antiestrogens (e . 
tamoxifen); anthraquinones, such as mitoxantrone, ureas, such as hydroxyurea; hydrazine! 
such as procarbazine; or imidazoles, such as dacarbazine. 

Particularly useful effector groups are calichaemicin and derivatives thereof 
5 (see for example South African Patent Specifications Nos. 85/8794. 88/8127 and 90/^839) 
Chelated metals include chelates of di-or tripositive metals having a 
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coordination number from 2 to 8 inclusive. Particular examples of such metals include 
technetium (Tc), rhenium (Re), cobalt (Co), copper (Cu), gold (Au), silver (Ag), lead (Pb), 
bismuth (Bi), indium (In), gallium (Ga), yttrium (Y), terbium (Tb), gadolinium (Gd), and 
scandium (Sc). In general the metal is preferably a radionuclide. Particular radionuclides 
' in'"'?7 ''Cu, "-^V '^V ""as 2"->b ^"^'Bi 2"^Bi 

'"ln,^'V^V«V^V^'V^^Gdand^V ' 

The chelated metal may be for example one of the above types of metal 
chelated with any suitable polydentate chelating agent, for example acyclic or cyclic 
polyamines, polyethers, (e.g. crown ethers and derivatives thereof); polyamides; porphyrins; 
10 and carbocyclic derivatives. 

In general, the type of chelating agent will depend on the metal in use. One 
particularly useful group of chelating agents in conjugates according to the invention, 
however, are acyclic and cyclic polyamines, especially polyaminocaTboxylic acids, for 
example diethylenetriaminepentaacetic acid and derivatives thereof, and macrocyclic 
15 amines, e.g. cyclic tri-aza and tetra-aza derivatives (for example as described in 
International Patent Specification No. WO 92/22583); and polyamides, especially 
desfenrioxamine and derivatives thereof 

Thus for example when it is desired to use a thiol group in the antibody as 
the point of attachment this may be achieved through reaction with a thiol reactive aroup 
20 present in the effector or reporter molecule. Examples of such groups include In a- 
halocarboxylic acid or ester, e.g. iodoacetamide, an imide, e.g. maleimide, a vinyl sulphone, 
or a disulphide. These and other suitable linking procedures are generally and more 
particulariy described in International Patent Specifications Nos. WO 93/06231 WO 
92/22583, WO 90/091 195 and WO 89/01476. 

ASSAYS FOR Selecting MoLECin.F.s which Incrf.a.sf Bonf Pfn-sttv 

As discussed above, the present invemion provides methods for selecting 
and/or isolating compounds which are capable of mcreasing bone density. For example! 
within one aspect of the present invention methods are provided for determining 
whether a selected molecule is capable of increasmg bone mineral content, comprising 
the steps of (a) mixing a selected molecule with TGF-beta binding protein and a 
selected member of the TGF-beta family of proteins, (b) determining whether the 
selected molecule stimulates signaling by the TGF-beta family of proteins, or inhibits 
the bmding of the TGF-beta binding protein to the TGF-beta family of proteins. 
Within certain embodiments, the molecule enhances the ability of TGF-beta to 
function as a positive regulator of mesenchymal cell differentiation. 
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Within other aspects of the invention, methods are provided for 
determining whether a selected molecule is capable of increasing bone mineral content 
comprising the steps of (a) exposing a selected molecule to cells which express TGF- 
beta binding-protein and (b) determining whether the expression (or activity) of TGF- 
5 beta binding-protein from said exposed cells decreases, and therefrom determinin.^ 
whether the compound is capable of increasing bone mineral content. Within one 
embodiment, the cells are selected from the group consisting of the spontaneously 
transformed or untransformed normal human bone from bone biopsies and rat parietal 
bone osteoblasts. Such methods may be accomplished in a wide variety of assay 
10 formats including, for example, Countercurrent Immuno-Electrophoresis (CIEP) 
Radioimmunoassays, Radioimmunoprecipitations, Enzyme-Linked Immuno-Sorbeni 
Assays (ELISA), Dot Blot assays. Inhibition or Comnetition ....... .„.,^...:.u 

assays (see U.S. Patent Nos. 4,376,1 10 and 4,486,530; see alio AnnhZZ-^A 
Lahoralory Manual, supra). 

15 Representative embodiments of such assays are provided below in 

Examples 5 and 6. Briefly, a family member of the TGF-beta super-family or a TGF- 
beta binding protein is first bound to a solid phase, followed by addition of a candidate 
molecule The labeled family member of the TGF-beta super-family or a TGF-beta 
binding protein is then added to the assay, the solid phase washed, and the quantity of 
20 bound or labeled TGF-beta super-family member or TGF-beta binding protein on the 
solid support determined. Molecules which are suitable for use in increasing bone 
mineral content as described herein are those molecules which decrease the bindino of 
TGF-beta binding protein to a member or members of the TGF-beta super-family In a 
statistically significant manner. Obviously, assays suitable for use within the present 
25 invemion should not be limited to the embodiments described within Examples ^ and 3 
In particular, numerous parameters may be altered, such as by binding TGF-beta to a 
solid phase, or by elimination of a solid phase entirely. 

Within other aspects of the invention, methods are provided for 
determining whether a selected molecule is capable of increasing bone mineral content 
30 comprising the steps of (a) exposing a selected molecule to cells which express TGF- 
beta and (b) determining whether the activity of TGF-beta from said exposed cells is 
altered, and therefrom determining whether the compound is capable of increasing bone 
mineral content. Similar to the above described methods, a wide variety of methods 
may be utilized to assess the changes of TGF-beta binding-protein expression due to a 
35 selected test compound. 
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For example, within one aspect of the present invention methods are 
provided for determining whether a selected molecule is capable of increasing bone 
mmeral content, comprising the steps of (a) mixing a selected molecule with TGF-beta- 
bmdmg-protein and a selected member of the TGF-beta family of proteins 
^ (b) determmmg whether the selected molecule up-regulates the signaling of the TGF- 
beta fam.Iy of proteins, or inhibits the binding of the TGF-beta binding-protein to the 
TGF.beta fam.Iy of proteins. Within certain embodiments, the molecule enhances the 
ab. hty of TGF-beta to function as a positive regulator of mechemchymal cell 
differentiation. 

•0 Similar to the above described methods, a wide variety of methods may 
be ut.hzed to assess stimulation of TGF-beta due to a selected test compound One 
such representative method is provided below in Examole 6 r.....,^ .... 
£//^/o. /i/J: 1374-1 380. ■ 

Within yet other aspects of the present invention, methods are provided 
for determmmg whether a selected molecule is capable of increasing bone mineral 
content, con^prising the step of determining whether a selected molecule inhibits the 
bmdmg of TGF-beta binding-protein to bone, or an analogue thereof As utilized 
herem, n should be understood that bone or analogues thereof refers to hydroxyapatite 
or a surface composed of a powdered form of bone, crushed bone or mtact bone' 
20 S.m.lar to the above described methods, a wide variety of methods may be utilized to 
assess the mh.b.tion of TGF-beta binding-protein localization to bone matrix One 
such representative method is provided below in Example 7. 

It should be noted that while the methods recited herein may refer to the 
analys.s of an individual test molecule, that the present invention should not be so 
i.m.ted. In particular, the selected molecule may be contamed within a mixture of 
compounds^ Hence, the recited methods may funher comprise the step of isolating a 
molecule wh.ch mhibits the binding of TGF-beta binding-protein to a TGF-beta family 
member. 
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th. h- H- .tT' °' ^h^*"- ^b'''^y t° inhibit 

the bmdmg of TGF-beta binding-protein to a TGF-beta family member. Representat.ve 
examples wh.ch are discussed in more detail below include organic molecules, proteins 
or pepndes, and nucleic acid molecules. Although it should be evident from the 
d.scuss.on below that the candidate molecules described herein may be utilized in the 
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assays described herein, it should also be readily apparent that such n^olecules can also 
be utilized in a variety of diagnostic and therapeutic settins. 

1 Organic Molecules 

- * K- "'^^"'^ ">ay be assayed for their ability to inhibit 

> *=''"«i,ngofTGF-betabi„di„g.protein to a TGF-beta family member 

For example, within one embodiment of the invention suitable organic 
mo ecules may be selected from either a chemical library, wherein chemical: are 
^sayed ,„d,v,dually, or from combinatorial chemical libraries where multiple 
ompounds are assayed at once, then deconvoluted to determine and isolate the m st 
' active compounds. 

Representative 

, . ^ ■ ^umDinatonal chemical libraries 

include those described by A^rafiotis era I "q„c. j , "oraries 
. . . , y >^»ratiot.s etal.. System and method of automatically 
generatmg chemical compounds with desired properties," U.S. Patent No 5 463 564 
Arm.rong, R.W "Synthesis of combinatorial arrays of organic compound^ through . 

he u e of mu It^le component combinatorial array syntheses," WO 95/02566; Baldwin 
JJ. et al.. Sulfonamide derivatives and their use," WO 95/24186; Baldwin, J J et al ' 

Combinatorial dihydrobenzopyran library." WO 95/30642; Brenner, S "New kit for 
preparing combinatorial libraries." WO 95/16918; Chenera, B. et al.. "Preparation of 
hbraiy of resin-bound aromatic carbocyclic compounds." WO 95/16712; Ellman J A 

suptrt' UsT/°'::''T''^ of benzodiazepine compounds on a solid 

upport, U.S^ Patent No. 5,288.514; Felder, E. et al., "Novel combinatorial compound 
hbraries," WO 95/16209 Lerner R etal "Pn.^^ ^ i-umpouna 
wo 93/202.2; Pavia M R et a. "A ""-ies." 

-via, M.K, etal., A method for preparing and selecting 
Pharmaceufcally useful non-peptide compounds from a structurally diverse un vela! 
hbrary,. WO ,5/04277; Summe^on, .E. and D.D, Weller. -Irpholo subun 

for the So d Phase Synthests of Thia^olidmones, Metathiazanones, and Derivatives 
.hereof, WO 9 ZOOMS; Phillips, O B, and G.P. Wei. -Solid-pbase Synthesis of 

I h f V ■ °^ • ■■'■•-ification of Cyclooxygenase-I 

nh,b,tors from 4-Thiazolidi„one Combinatorial Libraries," B^oorg L mL 

Letters 6:1 01 -\2, \996. ly^ica. f^ncm. 
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2. Proteins and Peptides 

A wide range of proteins and peptides may likewise be utilized as 
candidate molecules for inhibitors of the binding of TGF beta b.nd 
TGF-beta family member TGF-beta bmdmg-protem to a 



a. 



Combinatorial Peptide Libraries 
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beta b,„d,„,-p™e,„ ,o a TGF-be.a family „,e.ber „,ay be obtained ,h;u..h .he 
scree„,„, of co„,bi„a,o„a, peptide libranes. Such libraries „,ay ei.her be pr pa^ d by 
one of sk,ll ,„ ,he an (.v.. u.S, Pa,e„, Nos^ 4,528,266 and 4 359 535 Jo , ' 

90/02809, or purchased from commerciallv ,„.^i.k,. , 

BiolabsPh.D.™pha„e Display Peptide Libra'ryKh;""'^ '^"-"""^ 
b. Antibodies 

Antibodies which inhibit the bindin" nf Tr.F K^to k- j- 
TGF-het;, f,„;. , , oinamg ot 1 GF-beta bmdmg-protem to a 

Lrei «z'^,r:nir:f " ™ *^ 

tne context of the present mvention, antibodies are understood to 

::!:zz:^:.7";:ij;^T. -"-'--"^^ 

y oments (e.^.. Fab, and FCab )2, F^ variable regions, or complementaritv 
a a,ns, TGF-beta b,nd,ng.prote,n , or against a specif.c TGF-beta family member if 

osM^a: d: 'XT'' °' '° .--'ban : 

lo lu M, and do not bind to other Tnv K«t^ u- j- ^ 
less than or equal to I06m Funh ''"><""=-P™-s. or, bind with a K, of 

block or ,„h,b., he bind n^of TOP ::aT;"^ ^^.°'*^ 

Dmdtn, of TGF-beta bmd.ng-protein lo a TGF-beta family member 

. ^""^ ^fr'""y °f ^ monoclonal antibody or binding panner as well « 

various fowl, rabbits, mice, or rats. Typically the TGF h.t w ^ 

peptide thereof of 13 90 . TGF-beta bmdmg-protem or unique 

leLr T '""^^ (preferably conjugated to keyhole limpet 

hemocyanm by cross-.mking with glutaraldehyde) is utilized to immunize th aZ 

through mtrapentoneal. intramuscular, intraocular or sub'-utaneous inie V 

With an a,uyant such as Freund. complete or .ncomplete""™ 
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booster .mmunizations, samples of serum are collected and tested for reactivity to the 
protem or peptide. Particularly preferred polyclonal antisera will ^ive a si^nal on one 
of these assays that is at least three times greater than background. Once the titer of the 
animal has reached a plateau in terms of its reactivity to the protein, larger quantities of 
antisera may be readily obtained either by weekly bleedings, or by exsanuuinating the 
animal. 

Monoclonal antibodies may also be readily generated using conventional 
techniques {see U.S. Patent Nos RE 32,011, 4,902,614, 4,543,439 and 4 411 993 
which are incorporated herein by reference; see also Monoclonal AnlihoJies 
Hyhndomas: A Neu- Dimension in Biological Analyses, Plenum Press, Kennett' 
McKearn, and Bechtol (eds.), 1980, and AnuhoJies: A Laboratory Manual, Harlow and 
Lane (eds.). Cold Spring Harbor Laboratory Press, 1988, which are al.so incorporated 
herein by reference). 

Briefly, within one embodiment a subject animal such as a rat or mouse 
.s immunized with TGF-beta binding-protein or portion thereof as described above 
The protem may be admixed with an adjuvam such as Freund's complete or incomplete 
adjuvant in order to increase the resultant immune response. Between one and three 
weeks after the initial immunization the animal may be reimmunized with another 
booster immunization, and tested for reactivity to the protein utilizing assays described 
above. Once the animal has reached a plateau in its reactivity to the injected protein it 
IS sacrificed, and organs which contain large numbers of B cells such as the spleen and 
lymph nodes are harvested. 

Cells which are obtained from the immunized animal may be 
immortalized by infection with a virus such as the Epstein-Barr virus (EBV) {see 
Glasky and Reading, Hyhridoma 5(4):377-389, 1989). Alternatively within a 
preferred embodiment, the harvested spleen and/or lymph node cell suspensions are 
fused with a suitable myeloma cell in order to create a "hybridoma" which secretes 
monoclonal antibody. Suitable myeloma lines include, for example, NS-1 (ATCC No 
TIB 18), and P3X63 - Ag 8.653 (ATCC No. CRL 1580). 

Following the fusion, the cells may be placed into culture plates 
containing a suitable medium, such as RPMl 1640, or DMEM (Dulbecco's Modified 
Eagles Medium) (JRH Biosciences, Lenexa. Kansas), as well as additional ingredients 
such as fetal bovine serum (FBS, /..., from Hyclone, Logan, Utah, or JRH 
Biosciences). Additionally, the medium should contain a reagent which selectively 
allows for the growth of fused spleen and myeloma cells such as HAT rhypoxanthine 
aminopterin, and thymidine) (Sigma Chemical Co., St. Louis, Missouri). After aboui 
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seven days, the resulting fused cells or hybridomas may be screened in order to 
determ.ne the presence of antibodies which are reactive against TGF-beta bindino- 
protein (depending on the antigen used), and which block or inhibit the bindin. of 
TGF-beta binding-protein to a TGF-beta family member. 
5 A wide variety of assays may be utilized to determine the presence of 

ant,bod,es which are reactive against the proteins of the present invention, including for 
example countercurrent immuno-electrophoresis, radioimmunoasJays 
rad.o.mmunoprecipitations, enzyme-linked immuno-sorbent assays (ELISA) dot bloi 
assays, western blots, immunoprecipitation, inhibition or competition assays and 
.0 sandwch assays {see U.S. Patent Nos. 4,376, 1 1 0 and 4,486.530; see also Annhouies- A 
Lahora,o,y Manual, Harlow and Lane (eds ), Cold Spring Harbor Laboratory Press 
1988). Following several clonal dilutions and reassays.. a hvbridoma producing 
antibodies reactive against the desired protein may be isolated. 

Other techniques may also be utilized to constrtict monoclonal 
antibodies ^see William D. Huse et al., "Generation of a Large Combinational Library 
of the Immunoglobulin Repertoire in Phage Lambda," Science V6 n75-P8I 
December 1 989; see also L. Sastry et al., "Cloning of the Immunological Repertoire in 
Eschenchia coU for Generation of Monoclonal Catalytic Antibodies: Construction of a 
Heavy Cham Variable Region-Specific cDNA Library," Proc. Nail. Acad Sci USA 
20 ^^•5728-5732, August 1989; see also Michelle Alting-Mees etal., "Monoclonal 
Antibody Expression Libraries: A Rapid Alternative to Hybridomas," SoalegJes in 
Molecular Biology 3:1-9, January 1990). These references describe a commercial 
system available from Stratagene (La Jolla, California) which enables the production of 
antibodies through recombinant techniques. Briefly, mRNA is isolated from a B cell 

2. population, and utilized to create heavy and light chain immunoglobulin cDNA 
expression libraries in the AlmmunoZap(H) and ^lmmunoZap(L) vectors These 
vectors may be screened individually or co-expressed to form Fab fragments or 
antibodies isee Huse et al., supra, see also Sastry et al., supra). Positive plaques may 
subsequently be converted to a non-lytic plasmid which allows high level expression of 

30 monoclonal antibody fragments from E. coli. 

Similarly, ponions or fragments, such as Fab and Fv fragments of 
antibodies may also be constructed utilizing conventional enzymatic digestion or 
recombinant DNA techniques to incorporate the variable regions of a gene which 
encodes a specifically binding amibody. Within one embodiment, the genes which 

3. encode the variable region from a hybridoma producing a monoclonal antibody of 
interest are amplified using nucleotide primers for the variable region. These primers 
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may be synthes.zed by one of ordinary skill in the an, or may be purchased from 
commercally available sources. Stratagene (La Jolla, California) sells primers for 
mouse and human variable regions including, among others, primers for V„b 
Vhc. V„d, Chi, Vl and C^ regions. These primers may be utilized to amplify heavy 
or light Cham variable regions, which may then be insened into vectors such as 
ImmunoZAPTM h or ImmunoZAP™ L (Stratagene), respectively. These vectors may 
then be mtroduced into £. c.//, yeast, or mammalian-based systems for expression 
Unhzmg these techniques, large amounts of a single-chain protein containing a fusion 
ot the V,, and domains may be produced (.vc^c- Bird et a!.. Science :'-/>4''l-4'>6 
1988). In addition, such techniques may be utilized to change a ' murine" antibody to a 
human antibody, without altering the binding specificity of the antibody. 

Once suitable antibodies have been obtained, thev r^.., 
punfied by many techniques well known to tho.e of ordinary skill ,„ the an (v.. 
^,«W..v.- A i„W,„,y Man„al. Harlow and Lane (eds ). Cold Spring Harbor 
Laboratory Press. ,988), Suitable techniques include peptide or protein aff.nity 
columns. HPLC or RP-HPLC, purification on protein A or protein G columns, or any 
combination of these techniques. 

c. Mutant TGF-beta binding-proteins 

As described herein and below in the Examples (e.g.. Examples 8 and 
9), altered versions of TGF-beta binding-protein which compete with native TGF-beta 
binding-protein's ability to block the activity of a particular TGF-beta family member 
should lead to increased bone density. Thus, mutants of TGF-beta binding-protein 
which bmd to the TGF-beta family member but do not inhibit the function of the TGF- 
beta family member would meet the criteria. The mutant versions must effectively 
compete with the endogenous inhibitory functions of TGF-beta binding-protein . 

d. Production of proteins 

Although various genes (or portions thereof) have been provided herein 
•t should be understood that within the context of the present invention, reference to 
one or more of these genes includes derivatives of the genes that are substantially 
sirn.lar to the genes (and, where appropriate, the proteins (including peptides and 
polypeptides) that are encoded by the genes and their derivatives). As used herein a 
nucleotide sequence is deemed to be "substantially similar" if: (a) the nucleotide 
sequence is derived from the coding region of the above-described genes and includes 
for example, portions of the sequence or allelic variations of the sequences discussed 
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above, or alternatively, encodes a molecule which inhibits the binding of TGF-beta 
bindmg-protein to a member of the TGF-beta family, (b) the nucleotide sequence is 
capable of hybridization to nucleotide sequences of the present invent.on under 
moderate, h.gh or very high stringency (see Sambrook et al., Mo/ecn/ar Cloning: A 
. Lahoralory Manual, 2nd ed.. Cold Spring Harbor Laboratory Press NY 1989) or 
(c) the DNA sequences are degenerate as a result of the genetic code to the DNA 
sequences defined in (a) or (b). Funher, the nucleic acid molecule disclosed herein 
includes both complementary and non-complementary sequences, provided the 
sequences othenvise meet the criteria set forth herein. Within the context of the present 
K. .nvenfon, h.gh stringency means standard hybridization conditions (eg 5XSSPE 
0.5O/O SDS at 65°C, or the equivalent). '^'^ ^^^i>i>HE, 

The structure of the proteins encoded bv the nur.lei. 
descnbed herein may be predicted from the primary translation products usmg^hl 
hydrophob.c.ty plot function of, for example, P/C Gene or Intel ligenetics Suite 
(lmell.genet.cs. Mountain View, California), or according to the methods described by 
Kytc and Doolittle (./ Mai. Biol. 1 5-. 1 05- 1 32, 1 982). 

Proteins of the present invention may be prepared in the form of acidic 
or basic salts, or in neutral form. In addition, individual amino acid residues may be 
modified by oxidation or reduction. Funhermore. various substitutions, deletions or 
additions may be made to the amino acid or nucleic acid sequences, the net effeci of 
which IS ,0 retain or funher enhance or decrease the biological activity of the mutam or 
wild-type protein. Moreover, due to degeneracy in the genetic code, for example, there 
may be considerable variation in nucleotide sequences encoding the same amino acid 
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Other derivatives of the proteins disclosed herein include conjugates of 
the protems along with other proteins or polypeptides. This may be accomplislied for 
example, by the synthesis of N-terminal or Cterminal fusion proteins which ma; be 
added^to fachtate purification or idemification of proteins (see U.S. Patent No 
4,85U41,...a/.o. Hopp et al , B/./r.cW.gv 6: 1204. 1988.) Alternatively fusion 
protems such as Flag/TGF-beta binding-protein be constructed in order to assis't in the 
Identification, expression, and analysis of the protein. 

Proteins of the present invention may be constructed using a wide 
variety of techniques described herein. Further, mutations may be introduced at 
particular loci by synthesizing oligonucleotides containing a mutam sequence, flanked 
by restriction sites enabling ligation to fragments of the native sequence FoLow^no 
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ligation, the resulting reconstructed sequence encodes a derivative having the desired 
amino acid insertion, substitution, or deletion. 

Alternatively, oligonucleotide-directed site-specific (or se-ment 
specific) mutagenesis procedures may be employed to provide an altered .ene h'avin<. 
5 particular codons altered according to the substitution, deletion, or insenio^n required" 
Exemplary methods of making the alterations set forth above are disclosed by Walder 
etal. (C-^ V2:,33, 1986); Bauer et al. ^Gene 3^73, 1985), Craik (JSIo7,.,„u,n.s 
January ,985, 12-19); Smith etal. (Gene.c En^n^enn,: Principles anj MefHo^: 
Plenum Press, 1981); and Sambrook et al. is,.pra). Deletion or truncation derivatives 
. of proteins ^e.g., a soluble extracellular portion) may also be constructed by utilizing 
convenient restriction endonuclease sites adjacent to the desired deletion. Subsequen" 
to restriction, overhangs may be filled in, and the DNA reli^ated Ev.^n..., 
of making the alterations set forth above are disclosed by Sambrook et a7 (wIZ 
Clon.ng: A Lahoratory Manual, 2d Ed., Cold Spring Harbor Laboratory Press 1989) 

Mutations which are made in the nucleic acid molecules of the present 
invention preferably preserve the reading frame of the coding sequences. Furthermore 
the mutations will preferably not create complementary regions that could hybridize to 
produce secondary mRMA structures, such as loops or hairpins, that would adversely 
affect translation of the mRNA. Although a mutation site may be predetermined it is 
not necessary that the nature of the mutation per se be predetermined. For example in 
order to select for optimum characteristics of mutants at a given site, random 
mutagenesis may be conducted at the target codon and the expressed mutants screened 
for indicative biological activity. Alternatively, mutations may be introduced at 
particular loci by synthesizing oligonucleotides containing a mutant sequence, flanked 
by restriction sites enabling ligation to fragments of the native sequence. Following 
l.gation, the resulting reconstructed sequence encodes a derivative having the desired 
amino acid insertion, substitution, or deletion. 

Nucleic acid molecules which encode proteins of the present invention 
may also be constructed utilizing techniques of PGR mutagenesis, chemical 
mutagenesis (Drinkwater and Klinedinst, PNAS 83^^1-2^06, ,986) by forced 
nucleotide m.sincorporation (e.^.. Liao and Wise Gene 88A01A 1 1, ,990) or by use of 
randomly mutagenized oligonucleotides (Horwitz et al.. Genome i. l 12-1 J 7 1989) 

f K 7''' P™^'^"' manipulation and expression 

of the above described genes by cultunng host cells containing a vector capable of 
expressing the above-described genes. Such vectors or vector constructs include either 
synthetic or cDNA-derived nucleic acid molecules encoding the desired protein which 
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are operably linked to suitable transcriptional or translational regulatory elements 
Suitable regulatory elements may be derived from a variety of sources, including 
bactenal, fungal, viral, mammalian, insect, or plant genes. Selection of appropriate 
regulatory elements is dependent on the host cell chosen, and may be readily 
. accomplished by one of ordinary skill in the art. Examples of regulatory elements 
mclude: a transcriptional promoter and enhancer or RNA polymerase binding 
sequence, a transcriptional terminator, and a ribosoma! binding sequence, including I 
translation initiation signal. 

Nucleic acid molecules that encode any of the proteins described above 
10 may be readily expressed by a w,de variety of prokaryotic and eukaryotic host cells 
mcludmg bactenal, mammalian, yeast or other fungi, viral, insect, or plant cells 
Methods for transforming or transfecting such cells to express foreign DNA are well 
known in the art (see, c.g.^ Itakura et al., U.S. Patent No. 4,704,362; Hinnen et aT' 
Proc. Nail. Acad. Sci. USA -5:1929-1933, 1978; Murray et al., US Pateni 
.5 No. 4,801,542; Upshall et al., U.S. Patent No. 4,935,349; Hagen et al., U.S. Patent 
No. 4,784,950; Axel et al., U.S. Patent No. 4,399,216; Goeddel et al.. US Patent 
No. 4.766,075; and Sambrook et al. Mo/ea./ar C/oning: A Lahoralory Manual 2nd 
ed.. Cold Sprmg Harbor Laboratory Press. 1989; for plant cells see Czako and Marton 
Plan, Physiol. /0V:1067-1071. 1994; and Paszkowski etal., Biotech ? 4 397-390 
20 1992). 

Bacterial host cells suitable for carrying out the present invemion 
mclude E. coli, B. sublilis. Salmonella typhinmrium, and various species within the 
genera Psendomonas, Streptornyces, and Staphylococcns, as well as many other 
bactenal species well known to one of ordinary skill in the art. Representative 

2. examples of bacterial host cells include DH5a (Stratagene, LaJolla, California). 

Bacterial expression vectors preferably comprise a promoter which 
functions m the host cell, one or more selectable phenotypic markers, and a bacterial 
ongm of replication. Representative promoters include the ^-lactamase (penicillinase) 
and lactose promoter system {see Chang etal.. Nature 2.75:615, 1978) the T7 RNA 

>0 polymerase promoter (Studier et al., Meth. Enzymol. 183:60-89, 1990) the lambda 
promoter (Elvin et al.. Gene 57:123-126, 1990), the ttp promoter (Nichols and 
Yanofsky. Meth. in Bizymo/ogy /0/:155, 1983) and the tac promoter (Russell etal 
Gene 20:231, 1982). Representative selectable markers include various antibiotic 
resistance markers such as the kanamycin or ampicillin resistance genes Many 

:> plasm.ds suitable for transforming host cells are well known in the art. including amon^^ 
others. PBR322 (see Bolivar etal. Gene 2:95, 1977), the pUC plasmids pUClS^ 



BNSOOCID: <WO 0032773A1_ 



wo 00/32773 



44 



PCT/US99/27990 



10 



15 



20 



23 



30 



35 



PUC19, pUCH8, PUC119 (see Messing, Melh. in Enzymo/ogy- 101.20-11 1983 and 
Vieira and Messing, Gene 79:259-268, 1982). and pNHSA, pNHl6a. pNHISa, and 
Biuescript M13 (Stratagene, La Jolla, California). 

Yeast and fungi host cells suitable for carrying out the present invention 
include, among others, Saccharomyces pomhe, Saccharomyces cerevisiae, the uenera 
Pichia or KInyveroniyces and various species of the genus Aspergillus (McKni-ht^t al 
U.S. Patent No. 4,935,349). Suitable expression vectors for yeast and fungi include' 
among others, YCp50 (ATCC No. 37419) for yeast, and the amdS cloning vector pV3 
(Turnbull, Bio/Technology -.169, 1989), YRp7 (Struh! etal., Proc. Natl Acad Sci 
USA -6:1035-1039. 1978), YEpl3 (Broach etal.. Gene A-:121-133, 1979) pJDB->49 
and PJDB219 (Beggs, Nature 2-5:104-108, 1978) and derivatives thereof 

Preferred promoters for use in veast inclnH^ or.^„,^,^.c- 

glycolytic genes (Hitzeman etal.. J. Biol. Chem. 255:12073-12080 1980- Alber and 
Kawasaki, ./. Mol AppL Gene,. 7:419-434, 1982) or alcohol dehydrogenase genes 
(Young etal., m Genetic Engineering of Microorgani.sms for Chemicals, Hollaender 
et al. (eds ), p. 355. Plenum. New York, 1982; Ammerer, Meth. EnzymoL 707:192-201 
1983). Examples of useful promoters for fungi vectors include those derived from 
Aspergillus nidulans glycolytic genes, such as the adh3 promoter (McKnight et al 
EMBO. J. V:2093-2099, 1985). The expression units may also include a transcriptional 
termmator. An example of a suitable terminator is the adh3 terminator (McKnight 
etal.. ibid., 1985). 

As with bacterial vectors, the yeast vectors will generally include a 
selectable marker, which may be one of any number of genes that exhibit a dominam 
phenotype for which a phenotypic assay exists to enable transformants to be selected 
Preferred selectable markers are those that complement host cell auxotrophy provide 
antibiotic resistance or enable a cell to utilize specific carbon sources, and include Ieu2 
(Broach etal.. ibid.), ura3 (Botstein etal.. Gene 8.\1, 1979). or his3 (Struhl etal 
^h,d.y Another suitable selectable marker is the cat gene, which confers 
chloramphenicol resistance on yeast cells. 

Techniques for transforming fungi are well known in the literature and 
have been described, for instance, by Beggs {ibid\ Hinnen et al. {Proc. Natl Acad 
Sc. USA -5:1929-1933, 1978), Yelton etal. (Proc. Nad. Acad Sci. USA 81M40. 
M^l, 1984), and Russell (Nature 301.\SlAt% 1983). The genotype of the host cell 
may contain a genetic defect that is complemented by the selectable marker present on 
the expression vector. Choice of a particular host and selectable marker is well within 
the level of ordinary skill in the art. 
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Protocols for the transformation of yeast are also well known to those of 
ordinary skill in the art. For example, transformation may be readily accomplished 
either by preparation of spheroplasts of yeast with DNA {,ee Hinnen et al., PNAS USA 
o:1929, 1978) or by treatment with alkaline salts such as LiCI {se, Itoh eta! /. 
5 Bacrenology^ 755 ,63, 1983), Transformation of fungi may also be carried out usino 
polyethylene glycol as described by Cullen et al. {Bio/Technology> 5:369, 1987). 

Viral vectors include those which comprise a promoter that directs the 
expression of an isolated nucleic acid molecule that encodes a desired protein as 
described above. A wide variety of promoters may be utilized withm the context of the 
10 present invention, including for example, promoters such as MoMLV LTR, RSV LTR 
Fnend MuLV LTR, adenoviral promoter (Ohno et al., Science 265:781-784 1994)' 

neomycin phosphotransferase promoter/enhancer Ut^ L. . ■ 

etal.. Hunr Gene Therap. 1994), Herpes TK promoter, SV40 promoter 

metallothionein Ila gene enhancer/promoter, cytomegalovirus immediate early 
.5 promoter, and the cytomegalovir^as immediate late promoter. Within particularly 
preferred embodiments of the invention, the promoter is a tissue-specific promoter {see 
^.g., WO 91/02805; EP 0,415,731; and WO 90/07936). Representative examples of 
suitable tissue specific promoters include neural specific enolase promoter, platelet 
derived growth factor beta promoter, bone morphogenic protein promoter, human 
20 alphal-chimaerin promoter, synapsin 1 promoter and synapsin II promoter. In addition 
to the above-noted promoters, other viral-specific promoters ^e.g., retroviral promoters 
(including those noted above, as well as others such as HIV promoters), hepatitis 
herpes (e.g., EBV), and bacterial, fungal or parasitic (e.g., malarial) -specific promoters 
may be utilized in order to target a specific cell or tissue which is infected with a virus 
25 bacteria, fungus or parasite. 

Mammalian cells suitable for carrying out the present invention include 
among others COS, CHO, SaOS, osteosarcomas, KS483, MG-63, primary osteoblasts' 
and human or mammalian bone marrow stroma. Mammalian expression vectors for use 
.n carrying out the present invention will include a promoter capable of directing the 
30 transcription of a cloned gene or cDNA. Preferred promoters include viral promoters 
and cellular promoters. Bone specific promoters include the bone sialo-protein and the 
promoter for osteocalcin. Viral promoters include the cytomegalovirus immediate eariy 

promoter (Boshart etal Cell -// 5'7i-S-?n iq8<;\ i - 

1., y^eii -^7.3_i-3jU, 1985), cytomegalovirus immediate late 

promoter, SV40 promoter (Subramani etal.,M./. Cell. Biol 7:854-864 1981) MMTV 

5. LTR, RSV LTR, metallothionein- 1, adenovirus El a. Cellular promoters include the 

mouse metallothionein-1 promoter (Palmiter etal., U.S. Patent No 4 579 821) a 



BNSDOCID: <WO 0032773A1_L> 



wo 00)32773 



46 



PCT/US99/27990 



mouse V, promoter (Bergman e, al.. Pro.. Na,l. Acad. SC. US.4 «/:704l-704. 1983 

rTir/,';^""," " ^"^ ^ "'""^ P^-oter (Loh e, al ' 

C.// «85-95, ,983), The choice of promoter win depend, a, least m pan. upon th 
level of expression desired or the recipient cell line to be transfected. 

' , """^^ -"^y also '=='ntain a set of RNA splice sites 

ocated downstream from .he promoter and upstream from the DNA sequence encodin. 
the pepude or protein of interest. Preferred RNA splice sites may be obtained from 
adenovtnts and/or tmmunoglobulin genes. Also contained in the expression vectors is a 
po yadeny a„o„ signal located downstream of the coding sequence of interest. Suitable 
polyadenylatton s,g„als include the early or late polyadenylation signals from SV40 
(Kaufman and Sharp. ,he polyadenylation signal from the Adenovirus 5 ElB 

region and the human growth hormone .aene tenninaror rn.lM„,„ - . , , „ 

A.7I9-.7.0. 1981), The expression vectors may include a noncoding viral leader 

the SV40 enhancer. Expression vectors may also include sequences encoding the 
adenovirus VA RNAs, Suitable expression vectors can be obtained from comm:rcia, 
sources (e.g., Stratagene, La Jolla, California). 

20 int. . . ""'""^ comprising cloned DNA sequences can be introduced 

20 into cultured mammalian celk hv for ^ i 

,™„,f„. , ^' ^''ample. calcium phosphate-mediated 

«a„s ect,on (Wigler etal,. Ce„ J,:72S. ,978; Corsaro and Pearson, Son,.,c Cell 
Ge,,e.,c. ,.:60. „8,; Graham and Van derEb. Virology 52:.i,. ,973). electroporation 
(N U"ann et al .,. y:84,-845, ,98.). or DEAE-dextran mediated transfection 

Inc.. NY. ,987). To identify cells that have stably integrated the cloned DNA a 
selectable marker is generally introduced into the cells along wiU, the gene or cDNA of 
interest^ Preferred selectable markers for use in cultured mammalian cells include 
TheT', r T'""" '° " ^VSromycin. and methotrexate. 

,0 se e t " '7"'" ^" ''"^'"'"''^ -'-'able marker. Prefeired amplifiable 

30 sele table markers are the DHFR gene and the neomycin resistance gene. Selectable 

Stoneham, Massachusetts, which is incorporated herein by reference) 

Mammalian cells containing a suitable vector are allowed to grow for a 
period o time, typically 1-2 days, to begin expressing the DNA seque„ce(s) of interest 
Drug selection is then applied to select for growth of cells that are expressin. t e 
selectable marker in a stable fashion For cells that have been transfecL an 
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amphfiable, selectable marker the drug concentrat.on may be increased ,n a stepwise 
manner to select for increased copy number of the cloned sequences, thereby increasm» 
expression levels. Cells expressing the introduced sequences are selected and screened 
for production of the protein of interest in the desired form or at the desired level 
■ Cells that satisfy these criteria can then be cloned and scaled up for production 

Protocols for the transfection of mammalian cells are well known to 
those of ordinary skill in the art. Representative methods include calcium phosphate 
mediated transfect.on, electroporation, lipofection, retroviral, adenoviral and protoplast 
fusion-mediated transfection (.v.. Sambrook et al.. .supra). Naked vector constructs can 
a so be taken up by muscular cells or other suitable cells subsequent to injection into 
the muscle of a mammal (or other animals). 

Numerous insect host cells known in the art can also h. n..f..i .u. 
present invention, in light of the subject specification. For examplerthe"use 7f 
baculoviruses as vectors for expressing heterologous DNA sequences in insect cells has 
been reviewed by Atkinson et al. (Pe.stic. Sci. 25:215-224,1990). 

Numerous plant host cells known in the ari can also be useful within the 
present invention, in light of the subject specification. For example, the use of 
A^oHacrenun, rhi=og.nes as vectors for expressing genes in plant cells has been 
reviewed by Sinkar et al. (./. Biosci. {Bangalore) I l Al-SZ, 1987). 

Within related aspects of the present invention, proteins of the present 
mvention may be expressed in a transgenic animal whose germ cells and somatic cells 
contain a gene which encodes the desired protein and which is operably linked to a 
promoter effective for the expression of the gene. Alternatively, in a similar manner 
transgenic animals may be prepared that lack the desired gene (.^r., "knock-out" mice) 
Such transgenics may be prepared in a variety of non-human animals, including mice 
rats rabbits, sheep, dogs, goats and pigs (.see Hammer etal., Nan.r. 5/5:680-683' 
TsAsfTI^^ll^^ 222:809-8,4, ,983, Brinster et al.. Proc. NaU. AcacJ. Sci. 

USA 52.44.8-4442, ,985. Palmiter and Brinster, Ceff .7:343-345, 1985 and US 

5,175,.84). Briefly, an expression vector, including a nucleic acid molecule to be 
expressed together with appropriately positioned expression control sequences is 
introduced into pronuclei of fertilized eggs, for example, by microinjection. Integraiion 
of the injected DNA is detected by blot analysis of DNA from tissue samples It is 
preferred that the introduced DNA be incorporated into the germ line of the animal so 
that It IS passed on to the animal's progeny. Tissue-specific expression may be 
achieved through the use of a tissue-specific promoter, or through the use of an 
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inducible promoter, such as the metallothionein gene promoter (Palmiter et al 1983 
ihuf), which allows regulated expression of the transgene. 

Proteins can be isolated by. among other methods, culturin^ suitable 
host and vector systems to produce the recombinant translation products of the present 
.nvenfon. Supernatants from such cell lines, or protein inclusions or whole cells where 
the protem .s not excreted into the supernatant, can then be treated by a variety of 
punf.cat.on procedures in order to isolate the desired proteins. For example the 
supernatant may be first concentrated usmg commercially available pr;tein 
concentration filters, such as an Amicon or Millipore Pellicon ultrafiltration unit 
Followmg concentration, the concentrate may be applied to a suitable purification 
matnx such as, for example, an anti-protein antibody bound to a suitable suppon 
Alternatively, anion or cation exchange res.ns may be emploved in order n..Hf„ ... 
protem. As a further alternative, one or more reverse-phase high performance Vqu^^ 
chromatography (RP-HPLC) steps may be employed to funher purify the protein 
Other methods of isolating the proteins of the present invemion are well known in the 
Skill of the art. 

A protein is deemed to be "isolated" within the context of the present 

myention if no other (undesired) protein is detected pursuant to SDS-PAGE analysis 

followed by Coomassie blue staining. Within other embodiments, the desired protein 
can be ,,,, , 3,,, ^^^^^ ^^^^^^.^^^^ ^^^^^.^ ^^^^^^^^ ^^^^^^^^ 

PAGE analysis followed by silver staining. 

3. Nucleic Acid Molecules 

Within other aspects of the invention, nucleic acid molecules are 
provided which are capable of inhibiting TGF-beta binding-protein binding to a 
member of the TGF-beta family. For example, within one embodiment antisense 
oligonucleotide molecules are provided which specifically inhibit expression of TGF- 
beta bmding-protein nucleic acid sequences (.v.. generally, Hirashima et al in 
Molecular Biology o/RNA: Ne.> Perspectives (M. Inouye and B. S. Dudock eds 1 987 
Academic Press, San Diego, p. 401); Oligonucleotides: Antisense Inhibitors 0} Gene 
Expression (J.S. Cohen, ed.. 1 989 MacMillan Press. London); Stein and Cheng Science 

EP-A2-612844). Bnefiy, such molecules are constructed such that they are 
complementary to, and able to fom. Watson-Crick base pairs with, a region of 
transcribed TGF-beta binding-protein mRNA sequence. The resultant double-stranded 
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nucleic acid interferes with subsequent processing of the mRNA, thereby prevent.no 
protein synthesis (see Example 10). ° 

Within other aspects of the invention, ribozymes are provided which are 
capable of inhibiting the TGF-beta binding-protein binding to a member of the TGF- 
. beta family. As used herein, "ribozymes'' are intended to include RNA molecules that 
contain anti-sense sequences for specific recognition, and an RNA-cleaving enzymatic 
activuy. The catalytic strand cleaves a specific site in a target RNA at greater than 
stoichiometric concentration. A wide variety of ribozymes may be utilized within the 
context of the present invention, including for example, the hammerhead ribozyme (for 
.0 examp e, as described by Forster and Symons, C.ll V.:2, 1-220, ,987; Haseloff and 
Gerlach A..,„.e 52^:596-600, 1988; Walbot and Bruening, Nan.re ii.:,96, ,988 
Haseloff and Gerlach, Nature iiV.535, 1988); the hairpin ribozvme rfnr .v.^.,. J. 
described by Haseloff et al., U.S. Patent No. 5,254,678, issued October , 9! ";997an"d^ 
Hempe, et al., European Patent Publication No. 0 360 257, published March 26, ,990) 

7987 O^frr ''^^^'"^^ ^^^^ ^^^^ - ^' • ^ Patent No: 

4,987,071). Ribozymes of the present invention typically consist of RNA, but may also 

be composed of DNA, nucleic acid analogs (e.,., phosphorothioates), or chimerics 
thereof {e.g.^ DNA/RNA/RNA). 

4. Labels 

20 The gene product or any of the candidate molecules described above and 

below, may be labeled with a variety of compounds, including for example, fluorescent 
n,o ecu es, toxins, and radionuclides. Representative examples of fluorescent 
molecules inc ude fluorescein, PHyco,i,i proteins, such as phycoerythrin, rhodamine 
Texas red and luciferase. Representative examples of toxins include ricin, abrin 
diphtheria toxin cholera toxin, gelonin, pokeweed antiviral protein, tritin. Shigella 
toxin and Pseud..n,o„as exotoxin A. Representative examples of radionuclides include 
Cu-64, Ga-67, Ga-68, Zr-89, Ru-97, Tc-99m, Rh-105, Pd-,09, ,n-, , 1 ,-P3 I-,75 I 
131, Re-,86, Re-,88, Au.,98, Au-199, Pb-203, At-211, Pb-2I2 and Bi^p" 'm 
addition, the amibodies described above may also be labeled or conjugated to one 
partner of a ligand binding pair. Representative examples include avidin-biotin and 
riboflavin-riboflavin binding protein. 

Methods for conjugating or labeling the molecules described herein with 
the representative labels set fonh above may be readily accomplished by one of 
33 4t47«, r Z T " ^-hothecene Antibody Conjugate, U.S. Patent No. 
3. 4.744.981; Antibody Conjugate, U.S. Patent No. 5,106,95,; Fluorogenic Materials and 
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Labehng Techniques, U.S. Patent No. 4,018,884; Metal Radionuclide Labeled Proteins 
for D.agnosis and Therapy, U.S. Patent No. 4,897,255; and Metal Radionuclide 
Chelating Compounds for Improved Chelation Kinetics, U.S. Patent No 4 988 496- ve. 
a/.v. Inman, Methods In En=ynn.logy> Vol. 34, Affinity Techniciu.s. En=yn.e 
. PnnMuion: Par, B, Jakoby and Wilchek (eds.). Academic Press, New York p 30 
1974, see also Wilchek and Bayer, 'The Avidin-Biotin Complex in B.oanalvticai 
Applications, \4/7ar/. Biochem. / "7. 1-32, 1988) 

PHARMArpin-TCAi. ^n^/^>n<^^TIr.Klc 
As noted above, the present invention also provides a variety of 
10 pharmaceutical compositions, comprising one of the above-described molecules which 
mh.bits the TGF-beta binding-protc-in binding to a member of the TOp.k^.. .,„;k. 
along w,th a pharmaceutical ly or physiologically acceptable carrier, excipients"7r 
diluents. Generally, such carriers should be nontoxic to recipients at the dosages and 
concentrations employed. Ordinarily, the preparation of such compositions entails 
I. combining the therapeutic agem with buffers, antioxidants such as ascorbic acid low 
mo^cular weight (less than about 10 residues) polypeptides, proteins, amino acids 
carbohydrates including glucose, sucrose or dextrins, chelating a.ents such as EDTa' 
glutathione and other stabilizers and excipients. Neutral buffered saline or saline mixed 
with nonspecific serum albumin are exemplary appropriate diluents 

, ^" pharmaceutical compositions of the present invention 

may be prepared for administration by a variety of different routes. In addition 
pharmaceutical compositions of the present invention may be placed within containers' 
along with packaging material which provides instmctions regarding the use of such 
pharmaceutical compositions. Generally, such instructions will include a tangible 
2. expression describing the reagent concentration, as well as within cenain embodiments 
relative amounts of excipient ingredients or diluents {e.g., water, saline or PBS) which 
may be necessary to reconstitute the pharmaceutical composition. 

Methods o f Trf.atn/tfmt 
The present invention also provides methods for increasing the mineral 
content and mineral density of bone. Briefly, numerous conditions result in the loss of 
bone mineral content, including for example, disease, genetic predisposition, accidents 
which result in the lack of use of bone ie.g., due to fracture), therapeutics which effect 
bone resorption, or which kill bone forming cells and normal aging. Through use of 
the molecules described herein which inhibit the TGF-beta binding-protein binding to a 
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TGF-beta fam.Iy member such conditions may be treated or prevented ^s utilized 
herem, .t should be understood that bone mineral content has been increased if bone 
mmeral content has been increased in a statistically significant manner (e.g. oreater 
than one-half standard deviation), at a selected site. 
5 A wide variety of conditions which result in loss of bone mineral content 

may be treated with the molecules described herein. Patients with such conditions mav 
be Identified through clinical diagnosis utilizing well known techniques (see 
e.g., Harrison's Principles of Internal Medicine, McGraw-Hill, Inc.). Representative 
examples of diseases that may be treated included dysplasias, wherein there is abnormal 
. growth or development of bone. Representative examples of such conditions include 
achondroplasia, cleidocranial dysostosis, enchondromatos.s, fibrous dysplasia 
Gaucher s, hypophosphatemic rickets, Marfan's, multiple hereditary evnt...; 
neurotibromatosis, osteogenesis imperfecta, osteopetrosis, osteopoik.los'is, scl^c 
lesions, fractures, periodontal disease, pseudoarthrosis and pyogenic osteomyelitis 

Other conditions which may be treated or prevented include a wide 
variety of causes of osteopenia (/... a condition that causes greater than one standard 
deviation of bone mineral content or density below peak skeletal mineral content at 
youth). Representative examples of such conditions include anemic states, conditions 
caused steroids, conditions caused by heparin, bone marrow disorders, scurvy 
malnutrition, calcium deficiency, idiopathic osteoporosis, congenital osteopenia or 
osteoporosis, alcoholism, chronic liver disease, senility, postmenopausal state 
oligomenorrhea , amenorrhea, pregnancy, diabetes mellitus, hyperthyroidism' 
Gushing s disease, acromegaly, hypogonadism, immobilization or disuse reflex 
sympathetic dystrophy syndrome, transient regional osteoporosis and osteomalacia 

Withm one aspect of the present invention, bone mineral content or 
density may be increased by administering to a warm-blooded animal a therapeutically 
effective amount of a molecule which inhibits the TGF-beta binding-protein binding to 
a TGF-beta family member. Examples of warm-blooded animals that may be treated 
mclude both venebrates and mammals, including for example horses, cows pi^s 
sheep dogs, cats, rats and mice. Representative examples of therapeutic molecufes 
include nbozymes, ribozyme genes, antisense oligonucleotides and antibodies (e . 
humanized antibodies). 

Within other aspects of the present invention, methods are provided for 
increasing bone density, comprising the step of introducing into cells which home to 
bone a vector which directs the expression of a molecule which inhibits the TGF-beta 
bmding-protem binding to a member of the TGF-beta family, and administenna the 
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vector contammg cells to a warm-blooded animal. Briefly, cells which home to bone 
may be obtamed directly from the bone of patients (e.g., cells obtamed from the bone 
marrow such as CD34-f, osteoblasts, osteocytes, and the like), from peripheral blood or 
from cultures. 

A vector which directs the expression of a molecule that inhibits the 
TGF-beta bmdmg-protein binding to a member of the TGF-beta family is introduced 
mto the cells. Representative examples of suitable vectors include viral vectors such as 
herpes v.ral vectors (e.g., U.S. Patent No. 5,288,641), adenoviral vectors (e.^ WO 
94/26914, WO 93/9,91; Kolls et al., PNAS 97(1 ):2. 5-2 19, 1994; Kass-Eisler" et al 
FNAS ^^0(24): 11498-502, 1993; Guzman et al., Orcu/arion c9<9(6)^838-48 1993- 
Guzman et al., C/>. Re.s. -i(6): 1202-1207, 1993; Zabner et al., Ce/I -5(2):207-2 1 6^ 

1993; Li etal.. Hum Gene The,: -/(4):403-409. 1993 r^,Uu.,A »t oi r-.... , 

.(10:1287-1291, 1993; Vincent et al., Na, Gene, 5(2): 130- 134, 1993; Jaffe et al Na, 
Genet. y(5):372-378, 1992; and Levrero etal.. Gene 707(2): 195-20'> 1991) adeno' 
associated viral vectors (WO 95/13365; Flotte et al... PNAS 90(22).W6\3-W6n 1993) 
baculov,rus vectors, parvovirus vectors (Koering et al.. Hum. Gene Therap 5 457-463' 
1994), pox virus vectors (Panicali and Paoletti, PhlAS ■^9A921.A93\ 198^ and Ozaki 
etal., Biochem. Biophy.s. Res. Comm. 7Pi(2):653-660, 1993), and retroviruses 
(e-^-.E? 0,415.731; WO 90/07936; WO 91/0285, WO 94/03622 WO 93/''5698- 
WO 93/25234; U.S. Patent No. 5,219,740; WO 93/11230; WO 93/10218) Viral 
vectors may likewise be constructed which contain a mixture of different elements 
(e.g., promoters, envelope sequences and the like) from different viruses or non-viral 
sources. Within various embodiments, either the viral vector itself, or a viral particle 
which contains the viral vector may be utilized in the methods and compositions 
25 described below. 

Within other embodiments of the invention, nucleic acid molecules 
which encode a molecule which inhibits the TGF-beta binding-protein binding to a 
member of the TGF-beta family themselves may be administered by a variety of 
techniques, including, for example, administration of asialoosomucoid (ASOR) 
conjugated with poly-L-lysine DNA complexes (Cristano et al., PNAS 92P^-92126 
1993). DNA linked to killed adenovirus (Curiel et a!.. Hum. Gene Ther. 5(2) 147-154' 
1992). cytofectin-mediated introduction (DMRIE-DOPE, Vical. California) direci 
DNA injection (Acsadi et al.. Nature 352.815.^,8, 1991); DNA ligand (Wu et al / of 
Biol. CHem. 26.:, 6985-1 6987, 1989); Upofection (Feigner et al., Proc. Natl. Aca± Sci 
USA 84:1AU.14M, 1989); liposomes (Pickering etal.. Ore. S9(l) U-2X 1994 and 
Wang etal.. PNAS <?7:785 1-7855, 1987); microprojectile bombardment' (Will'iams 
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etal., PNAS 88:2726.2720, 1991); and direct delivery of nucleic acids which encode 
the protein itself either alone (Vile and Hart, Cancer Res. 53: 3860-3864. 1993), or 
utilizing PEG-nucleic acid complexes. 

Representative examples of molecules which may be expressed by the 
vectors of present mvention include ribozymes and antisense molecules, each of which 
are discussed in more detail above. 

Determination of increased bone mineral content may be determined 
directly through the use of X-rays (e.g.. Dual Energy X-ray Absorptometry or 
DEXA"), or by mference through bone turnover markers (osteoblast specific alkaline 
phosphatase, osteocalcin, type 1 procollagen C propeptide (PICP). and total alkaline 
phosphatase; see Cornier, C, Curr. Opin. in Rheu. 7:243. 1995). or markers of bone 
resorption (pyridinoline, deoxypryridinoline, N-telopeptide, urinary hvdroxvnrolin. 
plasma tartrate-resistant acid phosphatases and galactosyl hydroxylysine see Comier' 
.wpra). The amount of bone mass may also be calculated from body weiohts or 
utilizing other methods (see Guinness-Hey. Metah. Bone Dis. and Rd Res 5 177-]' 81 
1984). 

As will be evident to one of skill in the art, the amount and frequency of 
admmistration will depend, of course, on such factors as the nature and severity of the 
indication being treated, the desired response, the condition of the patient, and so forth 
Typically, the compositions may be administered by a variety of techniques, as noted 

above. 

The following examples are offered by way of illustration, and not by 
way of limitation. 
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EX.AMPLES 
EXAMPF F 1 

SCLEROSTEOSIS MAPS TO THE LONG ARM OF FrUMAN CHROMOSOME 1 7 

Genet,c mapping of the defect responsible for scierosteosis in humans 
> oca,.ed the gene responsible for this disorder to the region of human chromosome 

e etaTw d T """T' ^-^'"^-P-- family member. ,n sCerosteos.s, 
skeletal bone d.splays a substantial increase in mineral density relative to that of 
unaffl.cted md.v.dua.s. Bone in the head displays overgrowth as well. Sc.erostll 

aT i^a:: ~ ^^^^ -^^^i^ -lable degrees of syndacty 

at b.rth and var.ab e degrees of cranial compression and nerve compression in the sku'. 

Lmkage analysis of the gene defect associated with sclern.t..e. 
conaucted by apply.ng the homozygosity mapping method to DNA samplVsToVeaed 
eTaT t — ^-"^es in which the disease occurred. (stZ 

sll . " "•'^-^■^-tionofaBardet-Biedl 

yndron^e locus on chromosome 3 and evaluation of an efficient approach to 
omo.ygos,ty mapp.ng"). The Afrikaaner population of South Africa is genetically 
homogeneous; the population is descended from a small number of founders w o 
colomzed the area several centuries ago, and it has been isolated by geo^raphicld 
soc.al l,a.ners since the foundmg. Sclerosteos. is rare everywhere in th: d' outs 

^"T"'""''' ''''''''' '''' ' - -s present n 

he foundmg population and has smce increased in numbers along with the increase n 
the populat,on. The use of homozygosity mapping is based on the assump Ln h 
DNA mappmg markers adjacent to a recessive mutation are likely to be homoz I 
.n affected md.viduals from consanguineous families and isolated populations 

A set of 371 microsatellite markers (Research Genetics, Set 6) from the 

samples. The DNA samples for this analysis came from 29 scierosteosis patients in ^4 
a... es, 59 una fected family members and a set of unrelated control ind viduals f om 
the same population. The pools consisted of 4-6 individuals either affe ted 

s.bl ngs or unrelated controls. In the pools of unrelated individuals and in most of the 

et^ateT'f ^"^r"^ ^^"'^ ^^'-^ markers how 

several allele sizes for each marker. One marker, D17S1299. showed an indication of 

homozygosity, one band in several of the pools of affected individuals. 
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All 24 sclerosteosis families were typed with a total of 19 markers in the 
region of D17S1299 (at 17ql2-q21). Affected individuals from every family were 
shown to be homozygous in this region, and 25 of the 29 individuals were homozygous 
for a core haplotype; they each had the same alleles between D17S1787 and D17S930 
The other four individuals had one chromosome which matched this haplotype and a 
second which did not. In sum, the data compellingly suggested that this 3 meaabase 
region contained the sclerosteosis mutation. Sequence analysis of most of the exons in 
this 3 megabase region identified a nonsense mutation in the novel TGF-beta binding- 
protein coding sequence (OT mutation at position 1 1 7 of Sequence ID No. 1 results hi 
a stop codon). This mutation was shown to be unique to sclerosteosis patients and 
earners of Afrikaaner descent. The identity of the gene was further confirmed by 
.dentifymg a mutation in its intron (A>T mutation at position +3 of the intron^ whirh 
results m improper mRNA processing in a single, unrelated patient with diagnosed 
sclerosteosis. 



EXAMPLF. 2 

TissuE-SPEciFicrrY of TGF-beta Binding-Protein Gene Expression 
A. Human Beer Gene Expression by RT-PCR; 

First-strand cDNA was prepared from the following total RNA samples 
using a commercially available kit ("Superscript Preamplification System for First- 
Strand CDNA Synthesis", Life Technologies, Rockville. MD): human brain, human 
l.ver, human spleen, human thymus, human placenta, human skeletal muscle, human 
thyroid, human pituitary, human osteoblast (NHOst from Clonetics Corp., San Diego 

25 CA), human osteosarcoma cell line (Saos-2, ATCC# HTB-85). human bone hum^an 
bone marrow, human cartilage, vervet monkey bone, saccharomyces cerevisiae and 
human peripheral blood monocytes. All RNA samples were purchased from a 
commercial source (Clontech, Palo Alto, CA), except the following which were 
prepared m-house: human osteoblast, human osteosarcoma cell line, human bone 

30 human cartilage and vervet monkey bone. These in-house RNA samples were prepared 
using a commercially available kit ("TRI Reagent". Molecular Research Center, Inc., 
Cincinnati. OH). 

PCR was performed on these samples, and additionally on a human 
genomic sample as a control. The sense Beer oligonucleotide primer had the sequence 
35 5'-CCGGAGCTGGAGAACAACAAG-3- (SEQ ID NO:19). The antisense Beer 
oligonucleotide primer had the sequence 5'-GCACTGGCCGGAGCACACC-3' (SEQ 
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ID NO:20). In addition, PCR was performed using primers for the human beta-actin 
gene, as a comrol. The sense beta-actin oligonucleotide primer had the sequence S"- 
AGGCCAACCGCGAGAAGATGA CC -3' (SEQ ID NO:2]). The antisense beta-actin 
oligonucleotide primer had the sequence 5'-GAAGT CC AGGGCG ACGTAGCA 3' 
5 (SEQ ID NO:22). PCR was performed using standard conditions m 25 ul reactions 
with an annealmg temperature of 61 degrees Celsius. Thiny-two cycles of PCR were 
performed with the Beer primers and twenty-four cycles were performed with the beta- 
actin primers. 

Following amplificatiori, 12 ul from each reaction were analyzed by 
H) agarose gel electrophoresis and ethidium bromide staining. See Figure 2A. 

B. RNA In-situ Hybridization of Mouse Embryo Sections: 

The full length mouse Beer cDNA (Sequence ID No. 11) was cloned 
mto the PCR2.1 vector (Invitrogen, Carlsbad, CA) in the antisense and sense direction 
15 usmg the manufacturer's protocol. -^^S-alpha-GTP-labeled cRNA sense and antisense 
transcnpts were synthesized using in-vitro transcription reagents supplied by Amb.on 
nc (Austin. TX). In-situ hybridization was performed according to the protocols of 
Lyons et al. (./. Cell Biol. 7/7:2427-2436, 1990). 

The mouse Beer cRNA probe detected a specific message expressed in 
^0 the neural tube. limb buds, blood vessels and ossifying cartilages of developing mouse 
embryos. Panel A in Figure 3 shows expression in the apical ectodermal ndge (aer) of 
the hmb (1) bud, blood vessels (bv) and the neural tube (nt). Panel B shows expression 
.n the 4 ventricle of the brain (4). Panel C shows expression in the mandible (ma) 
cervical vertebrae (cv), occipital bone (oc), palate (pa) and a blood vessel (bv) Panel 
5 D shows expression in the ribs (r) and a heart valve (va). Panel A is a transverse 
section of 10.5 dpc embryo. Panel B is a sagittal section of 12.5 dpc embryo and 
panels C and D are sagittal sections of 1 5.5 dpc embryos 

ba=branchial arch, h=heart, te=telencephalon (forebrain), b=bram, f=frontonasal mass 
g=gu, h=heart, j=jaw. liHiver. Iu=lung, ot=otic vesicle, ao= sc=spinal cord' 
^ skm=skeletal muscle. ns=nasal sinus, th=thymus . to=tongue. fl=forelimb' 
ai=diaphragm 



EXAMPLF ^ 

EXPRESSION AND PURIFICATION OF RECOMBINANT BEER PROTEIN 

Expression in COS-1 Cells: 
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The DNA sequence encoding the full length human Beer protein was 
amplified using the following PGR oligonucleotide primers: The 5' oligonucleotide 
pnmer had the sequence S'-AAGCTTGGTACCATGCAGCTCCCAC-V (SEQ ID 
NO:23) and contained a Hindlll restriction enzyme site (m bold) followed by 19 
nucleondes of the Beer gene starting 6 base pairs prior to the presumed amino terminal 
start codon (ATG). The 3' oligonucleotide primer had the sequence 5>. 
AAGCTTCTACTTGTCATCGTrOTCCT THT A nrrr^x . ^.^.^^TTrTCC^CCT': ^ 
(SEQ ID NO:24) and contained a Hindlll restriction enzyme site (in bold) followed by 
a reverse complement stop codon (CTA) followed by the reverse complement of the 
FLAG epitope (underlined. Sigma-AIdrich Co., St. Louis, MO) flanked by the reverse 
complemem of nucleotides coding for the carboxy terminal 5 amino acids of the Beer 
The PGR product was TA cloned ("Origmal TA Glontng Kit" Invitrouen. CarL.h.H 
CA) and md.v.dual clones were screened by DNA sequencing. A sequence-verified 
clone was then digested by Hindlll and purified on a L5o/„ agarose gel usin^ a 
commercially available reagents ("QIAquick Gel Extraction Kit" Qia-en Inc 
Valencia, GA). This fragment was then ligated to Hindlll digested, phosphatase-treated 
PCDNA3.1 (Invitrogen, Carlsbad, CA) piasmid with T4 DNA ligase DHlOB E. coli 
were transformed and plated on LB, 100 ^tg/ml ampicillin plates. Colonies bearin. the 
desired recombinant in the proper orientation were identified by a PCR-based screen 
using a 5' pnmer corresponding to the T7 promoter/priming site in pcDNA3 1 and a 3' 
pnmer with the sequence 5'- GCACTGGCCGGAGCACACC-3' (SEQ ID N0^5) that 
corresponds to the reverse complement of internal BEER sequence. The sequence of 
the cloned fragment was confirmed by DNA sequencing. 

COS-1 cells (ATCC# CRL-1650) were used for transfection. 50 m" of 
the expression piasmid pcDNA-Beer-Flag was transfected using a commercially 
available kit following protocols supplied by the manufacturer ("DEAE-Dextran 
Transfection Kit". Sigma Chemical Co., St. Louis. MO). The final media followmg 
transfection was DMEM (Life Technologies. Rockville, MD) containing OAV. Fetal 
Bovine Serum. After 4 days in culture, the media was removed. Expression of 
recombinant BEER was analyzed by SDS-PAGE and Western Blot using anti-FLAG 
M2 monoclonal antibody (Sigma-AIdrich Co., St. Louis, MO). Purification of 
recombinant BEER protein was performed using an anti-FLAG M2 affinity column 
( Mammalian Transient Expression System", Sigma-AIdrich Co., St. Louis MO) The 
column profile was analyzed via SDS-PAGE and Western Blot using anti-FLAG M2 
monoclonal antibody. 
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B. Expression in SF9 insect cells: 

The human Beer gene sequence was amplified using PCR with standard 
conditions and the following primers: 

Sense primer: 5'-GTCGTCGGATCCATGGGGTGGCAGGCGTTCAAGAATGAT-3' 
(SEQ ID NO:26) 

Antisense primer: 5'-GTCGTCAAGCTTCTACTTGTCATCGTCCTTGTAGTCGTA 
GGCGTTCTCCAGCTCGGC-3' (SEQ ID NO:27) 

The resulting cDNA contained the coding region of Beer with two 
modifications. The N-terminal secretion signal was removed and a FLAG epitope ta^. 
(S.gma) was fused in frame to the C-terminal end of the insert. BamHl and HindlH 
clonmg sues were added and the gene was subcloned into pMelBac vector (Invitrogen) 
for transfer into a baculoviral 

-^ . ww^v^. "-^'i'o *J ^neinoas. 

Recombinant baculoviruses expressing Beer protein were made using the 
Bac-N-Blue transfection kit (Invitrogen) and purified according to the manufacturers 
15 instructions. 

SF9 cells (Invitrogen) were maintained in TNM_FH media (Invitrogen) 
contaming 10% fetal calf serum. For protein expression, SF9 cultures in spinner flisks 
were mfected at an MOI of greater than 10. Samples of the media and cells were taken 
daily for five days, and Beer expression monitored by western blot using an anti-FLAG 
M2 monoclonal antibody (Sigma) or an anti-Beer rabbit polyclonal antiserum. 

After five days the baculovims-infected SF9 cells were harvested by 
centrifugafon and cell associated protein was extracted from the cell pellet usin^ a hi-h 
salt extraction buffer (1.5 M NaCl, 50 mM Tris pH 7.5). The extract (20 ml per 300 
ml culture) was clarified by centrifugation. dialyzed three times against four liters of 
Tns buffered saline (150 mM NaCl, 50 mM Tris pH 7.5), and clarified by 
centnfugation again. This high salt fraction was applied to Hitrap Heparin (Pharmacia 
5 ml bed volume), washed extensively with HEPES buffered saline (25 mM HEPES 
7.5, 150 mM Nacl) and bound proteins were eluted with a gradiem from 150 mM NaCl 
to 1200 mM NaCl. Beer elution was observed at aproximately 800 mM NaCl Beer 
contaming fractions were supplemented to 10% glycerol and 1 mM DTT and frozen at 
-80 degrees C. 



EXAMPLE 4 

35 PREPAJ^ATION AND TESTING OF POLYCLON.AL .ANTIBODIES TO BEER, GREMLIN. AND 

Dan 
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A. Preparation of antigen: 

The DNA sequences of Human Beer^ Human Grcm/in^ and Human Dan 
were amplified using standard PGR methods with the followinu oligonucleotide 
primers: 
H. Beer 

Sense: 5' -GACTTGGATCCCAGGGGTGGCAGGCGTTC- 3' (SEQ ID N0^8) 
Antisense 5" -AGCATAAGCTTCTAGTAGGCGTTCTCCAG- 3' (SEQ ID NO:29) 
H. Gremlin 

Sense: 5' -GACTTGGATCCGAAGGGAAAAAGAAAGGG- 3" (SEQ ID NO 30) 
Antisense: 5' -AGCATAAGCTTTTAATCCAAATCGATGGA- 3' (SEQ ID NO:3 1 ) 
H. Dan 

Sense: 5' -ACTACGAGCTcnnrrrr 

Antisense: 5' -ACTTAGAAGCTTTCAGTCCTCAGCCCCCTCTTCC-3" (SEQ "iD 
NO:33) V V ii^ 

In each case the listed primers amplified the emire coding region minus 
the secretion signal sequence. These include restriction sites for subcloning into the 
bactenal expression vector pQE-30 (Qiagen Inc., Valencia, CA) at sites BamHI/Hindlll 
for Beer and Gremlin, and sites Sacl/Hindlll for Dan. pQE30 contains a codin. 
sequence for a 6x His tag at the 5' end of the cloning region. The completed constructs 
were transformed into E. coli strain M-15/pRep (Qiagen Inc) and individual clones 
venf.ed by sequencing. Protein expression in M-I5/pRep and purification (6xHis 
affinity tag binding to Ni-NTA coupled to Sepharose) were performed as described by 
the manufacturer (Qiagen, The QIAexpressionist). 

The E. co//-derived Beer protein was recovered in significant quantity 
using solubilization in 6M guanidine and dialyzed to 2-4M to prevent precipitation 
during storage. Gremlin and Dan protein were recovered in higher quantity with 
solubilization in 6M guanidine and a post purification guanidine concentration of 0.5M. 

B. Production and testing of polyclonal antibodies: 

Polyclonal antibodies to each of the three antigens were produced in 
rabbit and in chicken hosts using standard protocols (R & R Antibody, Stanwood WA" 
standard protocol for rabbit immunization and antisera recovery; Short Protocols in 
Molecular Biology. 2nd edition. 1992. 11.37-11 41. Contributors Helen M Cooper 
and Yvonne Paterson; chicken antisera was generated with Strategic Biosolutions 
Ramona, CA). 

Rabbit antisera and chicken egg Igy fraction were screened for activity 
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via Western blot. Each of the three antigens was separated by PAGE and transferred to 
0.45um nitrocellulose (Novex, San Diego, CA). The membrane was cut into strips with 
each strip contammg approximately 75 ng of antigen. The strips were blocked in 3% 
Blotting Grade Block (Bio-Rad Laboratories, Hercules, CA) and washed 3 times in IX 
Tris buffer salme (TBS) /0.02o/o TWEEN buffer. The primary antibody 
(pre.mmun.zat.on bleeds, rabbit antisera or chicken egg IgY in dilutions ranging from 
1.100 to 1:10,000 in blocking buffer) was incubated with the strips for one hour with 
gentle rockmg. A second series of three washes IX TBS/0. 02%T WEEN was followed 
by an one hour incubation with the secondary antibody (peroxidase conjugated donkey 
ant.-rabb.t, Amersham Life Science, Piscataway, NJ; or peroxidase conjugated donkey 
ant.-ch,cken, Jackson ImmunoResearch, West Grove, PA). A final cycle of 3X washes 
of IX TBS/0.02%TWEEN was performed and the strios were dev.lnn.H ...u , 
Light Western Blotting Substrate (Roche Molecular Biochemicals, Mannheim, 
Germany). 

C. Antibody cross-reactivity test; 

Following the protocol described in the previous section, nitrocellulose 
strips of Beer, Gremlin or Dan were incubated with dilutions (1:5000 and 110 000) of 
their respective rabbit antisera or chicken egg IgY as well as to antisera or chicken e^u 
Igy (dilutions 1:1000 and 1:5000) made to the remaining two antigens. The increased 
levels of nonmatching antibodies was performed to detect low affinity binding by those 
antibodies that may be seen only at increased concentration. The protocol and duration 
of development is the same for all three binding events using the protocol described 
above. There was no antigen cross-reactivity observed for any of the antigens tested 



EXAMPLE 5 

INTERACTION OF BEER WITH TGF-BETA SUPER-FAMILY PROTEINS 

The interaction of Beer with proteins from different phylogenetic arms 
of the TGF-P superfamily were studied using immunoprecipitation methods Purified 
TGFp-1, TGF3-2, TGFp-3. BMP-4. BMP-5, BMP-6 and GDNF were obtained from 
commencal sources (R&D systems; Minneapolis, MN). A representative protocol is as 
follows. Partially purified Beer was dialyzed into HEPES buffered saline (25 mM 
HEPES 7.5. 150 mM NaCl). Immunoprecipitations were done in 300 ul of IP buffer 
(150 mM NaCl, 25 mM Tris pH 7.5, ImM EDTA, 1.4 mM P-mercaptoethanol 0 5 % 
triton X 100, and 10% glycerol). 30 ng recombinam human BMP-5 protein (R&D 



wo 00/32773 



61 



PCT/US99/27990 



10 



15 



20 



25 



systems) was applied to 15 ul of FLAG affinky matrix (Sigma; St Louis MO)) in the 
presence and absence of 500 ng FLAG epitope-tagged Beer. The proteins were 
.ncubated for 4 hours @ 4°Cand then the affinity matrix-associated protems were 
washed 5 t.mes m IP buffer (, ml per wash). The bound proteins were eluted from the 
affmuy matnx in 60 microliters of IX SDS PAGE sample buffer. The proteins were 
resolved by SDS PAGE and Beer associated BMP-5 was detected by western blot using 
anti-BMP-5 antiserum (Research Diagnostics, Inc) (see Figure 5). 

BEER Li gand Bindint; Assay 

FLAG-Beer protein (20 „g) is added to 100 ul PBS/0 2% BSA and 
adsori,ed ,n.o each well of 96 well n,ierotiter plate previously coated with anti-FLAG 
monoclonal ant.body (Sigma; St Lo.is MO) and blocked with 10% BSA in PR<; Thu 
.s conducted a, room temperature for 60 minutes. This protein solution is removed and 
the wells are washed to remove unbound protein. BMP-5 is added to each well in 
concentrations ranging from 10 pM to 500 nM in PBS/0.2% BSA and incubated for ■> 
hours at room temperature. The binding solution is removed and the plate washed with 

s" 7Z T - ■'-c.ed 

Z rTv .T"""" ^"-"^ « C-ent Protocols in 

Mol B,o . Vol 2 n .2.1-11.2.22,. Specific binding is calculated by subtracting non- 

n tdba'rd A Z 'T' "^^"^ ~ 

and Podbard, Anal. Biochem., 107, p220.239, (1980). 

hum. P f ' °' ^"^'"^^^^^ expressed as a 

human Fc fus,on protem. Likewise the ligand BMP is engineered and expressed as 
mouse Fc fusion. These proteins are incubated together and the assay conducted as 

(GW M , ' T " ^' "'"^ '^'"^ --'-^ - ^etectio^ 

(G.W. Mellor et J of Biomol Screening, 3(2) 91-99, 1998). 
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EXAMPIFfi 

SCREENING ASSAY FOR iNHffimON OF TGF-BETA BINDING-PROTEIN 
BINDING TO TGF-BETA FAMILY MEMBERS 

BMP ''''''''''' ^"'^ ^-^-Ptions. First 

BMP concentration .s held fixed at the Kd determined previously. Second, a collection 
of antagonist candidates is added at a fixed concentration (20 uM in the case of the 
small organic molecule collections and 1 uM in antibody studies). These candidate 
molecules (antagonists) of TGF-beta binding-protem binding include organic 
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compounds denved from commercial or internal collecions represen.ing d,ver.e 
chem,cal stmcures. These compound, are prepared as s.ock solutions in DMSO and 
are added ,o a.say wells a, < of f.nal volume under the standard assay condiuons 
These are tncubated for 2 hours at room temperature with the BMP and Beer the 

40/. of the BMP h,nd,ng observed in the absence of compound or antibody are 
constdered antagonists of this interaction^ These are further evaluated as potential 
,nh,b.,ors based on titration studies to determine their inhibition constants and their 
tnnuence on TGF-beta binding-protein binding affinity. Comparable specificity 
■x.n.r„, assays may also be conducted .o establish the selectivity profile for Z 

(TbITZ"''' - "sand action 

(e.g. BMP/BMP receptor competition study). 



15 



20 



25 



30 



EXAA1PLF 7 

lN>,<BIT,ON OF TGF-BETA BINDING-PROTEIN LOCALEATION TO BONE MatoIX 

Evalualton of inhibition of localization ,o bone matrix (hydroxyapatite) 
s conducted us.ng modifications to the method of Nicolas (Nicolas. V C'„/„y r 2 

d" tTh binding-protein is pr^^: 

descnbed by N.colas ^s„pra). Hydroxyapatite is added to each well of a 96 weM 
m,crot,ter plate equipped with a polypropylene filtration membrane (Polyfiltroninc 
Weymouth MA). TGF-beta bind.ng-protein is added to 0 2% albumin in PBS buffer' 
The wells contam.ng matrix are washed 3 times with this bufTer. Adsorbed TGF-beta 
brnding-protetn ,s eluted using 0.3M NaOH and quantitated. 

Inhibitor identification is conducted via incubation of TGF-beta bindin- 
protem w.th test molecules and apply.ng the mixture to the matrix as described abov^e 
The matnx ,s washed 3 times with 0 2% albumin in PBS buffer Adsorbed TGF-beta 

of",he*TGFt,':'T " '^Sents that .nhibit 40% 

antitd ""d'nS-Protein binding observed in the absence of compound or 

a nbody are cons.dered bone localization inhibitors. These inhibitors are further 
haractenzed through dose response studies to determine .he,r inhibition constants an^ 
thetr .nfluence on TGF-beta binding-protein binding affinity 
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EX.AJVIPLE R 

Construction of TGF-beta binding-protein Mutant 
A. Mutagenesis. 

A full-length TGF-beta binding-protein cDNA in pBluescript SK serves 
as a template for mutagenesis. Briefly, appropriate primers (see the discussion 
provded above) are utilized to generate the DNA fragment by polymerase chain 
reaction using Vent DNA polymerase (New England Biolabs, Beverly MA) The 
polymerase chain reaction is run for 23 cycles in buffers provided by the manufacturer 
usmg a 57°C annealing temperature. The product is then exposed to two restriction 
enzymes and after isolation using agarose gel electrophoresis, ligated back into pRBP4- 
503 from wh.ch the matching sequence has been removed by enzymatic digestion 
Integrity of the mutant is verified bv DNA 5Pn,...n^;„., 

B. Mammalian Cell Expression and Isolation of Mutant TGF-beta binding-protein: 
The mutant TGF-beta binding-protein cDNAs are transferred into the 
PCDNA3.1 mammalian expression vector described in EXAMPLE 3 After verifyin" 
the sequence, the resultant constructs are transfected into COS-1 cells, and secreted 
protein is purified as described in EXAMPLE 3. 



EXAMPI.F Q 
Animal Models -I 
Generation of Transgenic Mice Overexpressing the Beer Gene 

The -200 kilobase (kb) BAC clone 1 5G5, isolated from the CITB mouse 
25 genomic DNA library (distributed by Research Genetics, Huntsville, AL) was used to 
determine the complete sequence of the mouse Beer gene and its and 3' flankino 
regions. A 41 kb Sail fragment, containing the entire gene body, plus -17 kb of 5' 
flanking and -20 kb of 3' flanking sequence was sub-cloned into the BamHI site of the 
SuperCosI cosmid vector (Stratagene, La Jolla, CA) and propagated in the E. coli strain 
30 DHIOB. From this cosmid construct, a 35 kb Mlul - Avill restriction fragment 
(Sequence No. 6), including the entire mouse Beer gene, as well as 17 kb and 14 kb of 
5" and 3- flanking sequence, respectively, was then gel purified, using conventional 
means, and used for microinjection of mouse zygotes (DNX Transgenics; US Patent 
No. 4,873,191). Founder animals in which the cloned DNA fragmem was integrated 
35 randomly mto the genome were obtained at a frequency of 5-30% of live-born pups 
The presence of the transgene was ascenained by performing Southern blot analysis of 
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ge„on„c DNA extracted from a small amount of mouse tissue, such as the tip of a tail 
DNA was exu-acted using the following protocol: tissue was digested overn.ght at .5= 
Cm a lys,s buffer containing 200 mM NaCl, 100 mM Tris pH8.5, 5 mM EDTA 0 

■ 1 ° l y "'y- DNA was extracted once 

= w,th phenol/chloroform (50:50). once with chloroform/isoamylalcohol (24 1) and 
precpuated with ethanol. Upon resuspension in TE (lOmM Tris pH7 5 1 mM EDTA) 
8-10 ug of each DNA sample were digested with a restriction endonuclease. such as 
EcoRJ. subjected to gel electrophoresis and transferred to a charged nylon membrane, 
uch as HyBondN. (Amersham. Arlington Heights. IL ). The result.ng filter was theti 
hybnd,zed w,th a rad.oactively labelled fragmem of DNA deriving from the mouse 
Beer gene locus, and able to recognize both a fragment from the endogenous gene locus 
and a fragmem of a differem size deriving from the trans.ene. Fo„nH.r .„ i„„. ....„ 
bred to normal non-transgenic mice to generate sufficient number, of transge'nic'a'nd 
non-n-ansgen,c progeny in which to determine the effects .(Beer gene overexpression 
I. For these studtes, an.mals at various ages (for example, 1 day. 3 weeks. 6 weeks 4 
months) are subjected to a number of different assays designed to ascertain gross 
skeletal formation, bone mineral density, bone mineral content, osteoclast and 
osteoblast acttvity, extern of endochondral ossification, cartilage formation etc The 
transcnpfonal activity from the transgene may be determined by extracting RI.A from 
vanous tissues, and using an RT-PCR assay which takes advantage of single nucleotide 
polymorphtsms between the mouse strain from which the transgene is derived 
(1-9SV/J) and the stram of mice used for DNA microinjection ((C57BL5/J x SJL/J)F2). 

ANIMAI. MonPf fj 
DiSRUTTION OF nm MOUSE BEER GENE BV HOMOLOGOUS RECOMBINATION 

"°"""''S°""='=<'"">in='i<"> i" embryonic stem (ES) cells can be used to 
mac ,vate the endogenous mouse Beer gene and subsequently generate animals carrying 
.he loss.of-fu„c.,on mutation, A reporter gene, such as the £ co,i ^galaCosLa^ 
gene, was engineered into the targeting vector so that i,s expression is controlled by the 
endogenous Beer gene's promoter and translational initiation signal. In this way the 
spatial and temporal patterns of Beer gene expression can be detennined in animals 
carrying a targeted al lele. 

„h„ . I ™'r*"'"«^'"°^"'"='°"=™«=<"'y first cloning the d,ug.selectable 
Phosphoglycerate kinase (PGK) promoter driven nean,yen,.res^,,.„ce gene <„eo) 
c^se„e from pGT.N29 (New England Biolabs, Beverly, MA) into the CoLg vecto 
PSP72 (Promega, Madson, WI, PCR was used to fiank the POK„.„ cassene with 
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bactenophage PI loxP sites, which are recognition sites for the PI Cre recombinase 
(Hoess et al., PNAS USA, 79:3398, 1982). This allows subsequent removal of the neo- 
resistance marker in targeted ES cells or ES cell-derived animals (US Patent 
4,959,317). The PGR primers were comprised of the 34 nucleotide (ntd) loxP 
. sequence, 15-25 ntd complementary to the 5' and 3' ends of the PGKneo cassette a. 
well as restriction enzyme recognition sites (BamHI in the sense primer and EcoRI in 
anti-sense primer) for cloning into pSP72. The sequence of the sense primer was 

AATCTGGATCCATAACTTCGTATAGCATACATTATACGAAGTTATCTGCAG 

TIIrrrT''^^^''^-'' ^'"^ '''' '''^ ^^^"^"^^ °^ was 
5-AATCTGAATTCCACCGGTGTTAATTAAATAACTTCGT 

ATAATGTATGCTATACGAAGTTATAGATCTAGAG TCAGCTTCTGA-3- r.PO 

lUNO.35). '""^ 

,u r r J^' ''"^ "^^^ '° ^^'-^^^ Xhol-Hindlll fragment, containing 

1. he E. col, ^.galactosiciase gene and SV40 polyadenylation signal from pSVp 
(Clontech, Palo Alto, CA) into the pSP72-PGKneo plasmid. The "short arm" of 
homology from the mouse Beer gene locus was generated by amplify.ng a ^ 4 kb 
fragment from the BAC clone 15G5. The 3' end of the fragmem coincided with the 
translational initiation site of the Beer gene, and the anti-sense primer used in the PGR 
also included 30 ntd complementary to the 5' end of the ^-galaclosldase gene so that its 
coding region could be fused to the Beer initiation site in-frame. The approach taken 
for introducing the "short arm" into the pSP72-3gal-PGKneo plasmid was to linearize 
the plasmid at a site upstream of the ^-gal gene and then to co-transform this fragment 
wuh the "short arm" PGR product and to select for plasmids in which the PGR product 
5 was mtegrated by homologous recombination. The sense primer for the "short arm" 
amphfication included 30 ntd complementary to the pSP72 vector to allow for this 
recombination event. The sequence of the sense primer was 5'-ATTTAGGTGACACT 

ATAGAAGTGGAGCAGCTGAAGCTTAACGACATGGTGGeTCAGAACGAT3- 
(SEQ ID N0.36) and the sequence of the anti-sense primer was 5'- 
^ AACGACGGGCAGTGAATGCGTA 

ATCATGGTGATGGTGCCAGGTGGAGGAGGGCA-3- (SEQ ID NO:37). 

. , . generated by amplifying a 

6.1 kb fragment from BAC clone I5G5 with primers which also introduce the rare- 
cutting restriction enzyme sites SgrAI, Fsel, AscI and Pad. Specifically, the sequence 
► of the sense primer was 5'-ATTACCACCGGTGACACGCGCTTCGTGACAG-3' (SEQ 
ID NO:38); the sequence of the anti-sense primer was 5'- 
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ATTACTTAATTAAACATGGCGCGCCAT 

ATGGCCGGCCCCTAATTGCGGCGCATCGTTAATT-3- (SEQ ID NO 39) The 
resulung PGR product was cloned into the TA vector (Invitrogen, Carlsbad, CA ) as an 
intermediate step. 

The mouse Beer gene targeting construct also included a second 
selectable marker, the herpes simple, virus I ,Hynudine kinase gene (HS VTK) under the 
control of rous sarcoma vinas long terminal repeat element (RSV LTR). Expression of 
th.s gene renders mammalian cells sensitive (and inviable) to gancyclovir u is 
therefore a convenient way to select against neomycin-resistant cells in which the 
constoict has integrated by a non-homologous event (US Patent 5 464 764) The 
RSVLTR-HSVTK cassette was amplified from pPSl337 using primers that allow 
subsequent clonmg into the Fsel and AscI sites of the "Ion., arm"-TA vector n.«^;. 
^or this PGR, the sequence of the sen'se primer "wis 7- 
ATTACGGCCGGCCGCAAAGGAATTCAAGA TCTGA-3- (SEQ ,D NO 40) the 
sequence of the anti-sense primer was 5--ATTACGGCGCGCCCCTC 
ACAGGCCGCACCCAGCT-3' (SEQ ID N0:41). ^^OCL-CCTC 

The final step in the construction of the targeting vector involved 
donmg the 8.8 kb SgrAl-AscI fragment containing the "long arm" and RSVLTR- 
HSVTK gene mto the SgrAI and AscI sites of the pSP72-"shon arm"-Pgal-PGKneo 
plasm.d. Th,s targeting vector was linearized by digestion with either AscI or Pad 
betore electroporation into ES cells. 



EXAMPLE in 
Antisense-mediated Beer Inactivation 
1 7-nucleotide antisense oligonucleotides are prepared in an overiappinu 
format, m such a way that the 5" end of the first oligonucleotide overiaps the translation 
.n.t,atmg AUG of the Beer transcript, and the 5' ends of success.ve oHgonucleotlZ 
occur m 5 nudeotide increments moving m the 5' direction (up to 50 nudeotides 
away), relative to the Beer AUG. Corresponding control oligonucleotides are designed 
and prepared using equivalent base composition but redistributed in sequence to inhibit 
any significant hybridization to the coding mRNA. Reagent ddivery to the test cellular 

Sc. USA 8^:74U, 1987). 2 ug of antisense oligonucleotide is added to 100 ui of 
reduced serum media (Opti-MEM I reduced serum med.a: Life Technologies 
Gauhersburg MD) and this is mixed with Lipofectin reagent (6 ul) (Life Technologies' 
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15 



Gauhersburg MD) in the 100 ul of reduced sen.m media. These are mixed allowed to 
complex for 30 minutes at room temperature and the mixture is added to previously 
seeded MC3T3E21 or KS483 cells. These cells are cultured and the mRNA recovered 
Beer mRNA .s monitored using RT-PCR in conjunction with Beer specific primers In 
addition, separate experimental wells are collected and protein levels characterized 
through western blot methods described in Example 4. The cells are harvested 
resuspended m lysis buffer (50 mM Tris pH 7.5, 20 mM NaCl. ImM EDTA 1% SDS) 
and the soluble protein collected. This material is applied to 10-20 % gradiem 
denaturing SDS PAGE. The separated proteins are transferred to nitrocellulose and 
the western blot conducted as above using the antibody reagents described In parallel 
the control oligonucleotides are added to identical cultures and experimental operations 
are repeated. Decrease in Beer mRNA or protein levels are considered significant if th. 
treatment with the antisense oligonucleotide results in a 50o/o change in dther instance 
compared to the control scrambled oligonucleotide. This methodology enables 
selective gene inactivation and subsequent phenotype characterization of the 
mmeralized nodules in the tissue culture model. 
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SEQUENCES 



Sequence ID No. 1: 
UTRs) 



Human BEER cDNA (con^^lete coding region plus 5 ' and 3 ^ 



AGA^lCCTGTGCTACTGG.^.:i.GGTC^GCGTGCCCTCCTCToG-TGvT5^ . 

CGA:OTCGGAGAGTA'::CCCG0o"."T;''^-a'-'r---r:i — — -r ^ 

,o. .o^ 1 ■^-^'^'^^'^•^^^^^ATG.AACCGGGCGGAGAAr; l^GAGGGCGGC 

'::TCl-CACCACCCCTTTGAGACCAAAGACGTGTCCG^G'^:i^-aGCTrr- ^-.--^ 

. v.-.v,^^-,uwr. i ^,c- .. i : 'JAL'-JCGCTAr r.TGACCGAT 

rATCGGCCGCGGCAAGTGGTGGCGACCTAGTGGGCCCGACTTCCGCTGr-nTr^.r-r^:,. , 

AGC7GCTGTGTCC-'GGTGGTGAGGCGCCoCGCGCGCGC-ar,.-:T. r-r---T, ^ 

_o^Ln^.,u.,c. ^'---'T-.„-...„CT^^,TGGCCTCGTGCAA.GTGC.^,AGr::CCTCACC 

. '^'f''^^^^'-'^--^-'-'-o.-o-jCCGCTCGGCCGCAGAi.GGGl*CGGA-AGCCGrGGCC:CC 
C^CCC^-^,AGCGC™«CC.=..rcnaoCCGAGCTGGAG-.CGCCTA 

-TTCToTCCTCTGCGCGTGGTTTa^iTTGTTTATATrTCATT-^^^^^ 
™CAGGGCAC.GGGCCTGAGACCTTCCA.GCCCTGAGGAATCCCGGGC.CCGGCAAGGC:C.CCCTCAGCCCV....T. 
AGGGGTCCCACGGGC;CAGGGGAGGGAATTGAGAGTCACAGACACTGAGCCACGCAGCCCCGCCTCTGGGC;.c:.rcT.C^T 
TTGCTG.TCCCAC.TCAGAGGAGGCAGA.ATGGAACCATTTTCACCGCCCTGGGGTTTT.AGGGAGCGGTGT....GTOG 

™gtcca«g3actggttaagaa..gttc.ata^gattcccccttgcacctcgctgcccatcaga^gcctgaggcgtgc 

CCAGA3CACAAGArTGGGGGCA.-'.CTGTAGATGTGGTTTCTAGTCCTGGCTCTGCCACT.A'^^Tc,r-TGTG--'-'-'--'-:>a- 

TACACA.ATTCTCCTTCGGGACCTCAATTTCCACTTTGTAA^ATGAGGGTGGAGGTGGGAA.TAGGATCTCGAGG^^ 
TGGCATATGATTCC.n.».GGACTCCAGTGCCTTTTGAATGGGCAGAGGTGA.GAGA^^^^^ 

CAG.TaCATTGATTCAGTGCCAAGGTCACTTCCAG;.ATTCAGAGTTGTGATGCTCTCTTCTGACAGCC^GArGAAA.. 

CA^^CAGAA.:..^GTAAAGAGTCTATTTA.GG.TGACATATTTACGGCTGACA^CTCC.GGAAGAA^^ 

CTTCCCAGCCTGGCTTCCCCGGATGTTTGGCTACCTCCACCCCTCCATCr™^^^^^^^^ 

^GAGAGGGTCCGAGGGTGGTGGGAGGGATAGAAATCACATCCGCCCCA.ACTTC^^^^^^^^^ 

ACCCATAGCCATGTTTTA.AAGTCACCTTCCGA.A3AGA.AGTG.^...GGTTC^^^^^^^^ 

A.GCCATCACA...ACTCACAGACCAGCACATCCCTTTTGAGACA^ 

AGA.....ACA3CTTCTTACTGCTCTTACATGTGATGC-CATATCTTACACT^^^^^^^^^ 

GCTGTACATATGCTGAGA.AACTGCAGAGCATA^.TAGCTGCCACC^^^^^^^^^^ 

TTACTTTCTGTGTAGTTTTTA.ATTGTT-™n..,..^,GTTTTAAACAGAAGCACATGACATATGA.n^^^^ 
GGTCGTTTTTTTGGCA.ATTCTTCCACGTGGGACTTGTCCACA.AGAATGA...AGTAGTGGTrT^^^^^^^ 
ATTTATTTTCTCACTTA.AGTTA^TTATOC^GTTTTTCTTGTAGAGA.ATGACA.ATGTT^^^^^^^^^^ 
CAGTCTGTTCTTCCAGAGTCCAGAGACATTGTTAATAAAGACAATGA.ATCATGACCGAAAG 
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Se^ence ID Ho. 2: Huma. beek protein (con^lete secjuence, 

RELHFTRVVTOGFCKsaKFVTELVC-GO'-GfBRI • ci a t —-u-, n 

•RL-FKAI....-Hw;R?sc^rDrRC-:-DRVRn.QRV0LL.^C,.3EA:-.RAR-.V-. 

:. LVASCKCKRLTRFHNQSELKDFGTEAARPQKGRKPRPRARSAKANQAELENAY 



Sequence ID No. 3; 
10 mutation 



Human Beer oDNA containing Sclerosteosis nonsense 



5 ^'^^^':CACCACCCCT-TGAGACC...a..a=CGTGTCCGAGT.^rACCT5CCC.rGAC.CTG'--TTC 

0GGCCO.GCCCCAGCGCCAAGCCGGrCACC.AGCTGGTGT3CrcCGGCCAGT.CGl^C^GCC;.l^ 
CATCGCCCCC.CCAAGTGaTG.CGACCTAGrGGGCCC.ACTrcCGCTGCATCCCCGACC.CTACC:GCGCGCAGCG. 

C ^^'"'■'^^^•''•'^■-'^^^■'-^^^'^^^-^^•^-^•CGC^^^ 

GCCCCC-GCCCTGA_ACCCGCCCCCCACATTTCTaTCCTCTGCGCGT33TTT3ATTGTT^^^^^^^^^ 
AACCCAGC<,CAGGGGGCTa.GACCrTCCAGGCCCTGAGCA=.TCC^^^^^^^^ 

AGGGGTCCCACGGGGCAGGGGAGGG.-.-.TTGiiG^'GTCac^ C-^-T -n - 

. .u.-. --TGAGCCACGCAGCCCCGCCTCTGGGGCCGCCTACCT 

TTCCTCGTCCCACTTCAGAGGAGGCA3.^Ta3AA.CA.TTTCACCGCCCT.GC.rTTTAAGGGA0CGCTGT.G. = GTG. 
.AAAGTCCAG0GACTGGT.A.C..ACTTGGATAA3A^^ 

CCAGAGCAC.-GACT.3GGGGC^.ACTGTAGATGTGGTTTCTAGTCCTGGCrCTGCCACTn ACTTG-T,.TG- -C~T -n 

TACACAA.T.CTCCTTCaGGACCTCA.A.TTCCACTTTGTAA....GAGGGTGGAGGTGGG^^^^^^^^^ 

TGGCATATGAT.CCAAGGACrcCAGT3CCTTrTG...TGGGCA3AGGTGAGAG^^^^ 

CAOrTGCATTCATTCAGTGCCA.AGGTCACTTCCAGA.TTCAGAGrTGTGATG 
CAA^CAGA......^^^^^^^^^^^^ 

CTTCCCAGCCTGGCTTCCCCGOATGTTTGGCTACCTCCACCCC^^^^^^^^^ 

.A;^-^i.GG AG AGGGTCCGAGGGTGGTGGGAGGG ^ T AG n n a rr • a -rr^^-r^^^^ 

.t,GG. .TAG. -^-^-TCACATCCGCCCCA.ncTTCCCA.n.AGAGCAGCATCCCTCCCCCG 

ACCCATAGCCATGTTTTP.n.z^GTCACCTTCCGAAGAG.a.r^.GTGAA^^^^ 
.OCCATCACA..ACTCACAaACCAGCACATCCCT^^^^^^^^^^^ 

AG..n.ACAGCTTCTTACTGCTCTTACATGTCATaGCATATCTTAC^^^^^^^^^^ 
CCTGTACATATGCTGAGA..ACTGCAGAGCAT..rAGCTGCCACC^^^^^^^^^ 
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ATTTATTTrCTCACTTAAC;Tr.TTT^T.CAA^..^ 

caot.t.ttc7tccag.<.tccaga^acattc;tt;^t^^^ 



Sequence ID No. 4: Truncated Human Beer t>rot^-i o n 

«umdji ueer protein from Sclerosteosis 

HQLPLALCLVriLVHTArRWE.:;* 

10 



Secfuence ID No. 5: 



15 



20 



25 



30 



Human BEER cDNA encoding protein variant (viOI) 



35 



AGAoCCT.37GCTACTG3AA^GT0;G:CGTGCCCTCCTCTGGCTGGTACCATGC - ■ . , 

CTGCTGGTACACACAGCCTTCCGTGTAGTGGAGGG-^-G.-r-.'-T.- n 

^ - o --Ao.,-,...TTCAnr,Ai^TGATGCCACGGAAnTCATCCG 

CGAGCTCGGAGAGTACCCCGiiGCC'^nr'nc- r-r a 

wo.,,-^. _ -''•--^•-•''-^'^•''•-'^^■'^•'^-.^-^■CCGGGCGGAGAArGGAG 

-. .T...,CCG...-.oC.nAv., . oGToGCGACCTAGTGSGCCCGACTTCCGCTGCATCCCCGACCGCTACCGCGZ^^ 

.GCTGCTGTGTCCCGGTGGTGAGGCGCCGCGCGCGCGC..GGTGCGCCTGGTGGCCXCGTGC.AGTGCAAGCGCCrCACC 

CGCTTCCACAsCCAGTCGGAGCTC.-A.GGACTT.'^GG*'^ ^ -.-n n 

•^GCCGCTCGGCCGCAG.A2^.GGGCCGG.AAGCCGCGGCC'-"G 

CGCCCGGAGCGCC.AAGCCAACCAGGCCGAGCTGGAGA.ACGCCTACTAGAGCCCGCCCGCGCCCC.CCC..CCGG^G.^ 
GCCCCGGCCCTG.-^CCCGCGCCCCACATTTCTGTCCTCTGC.CGTGGrrTGA-.TGr-r..T..,T^^ 

-CCCAGGGCAGGGGGC.GAGACC.XCCAGOCCCTGAGG.ATCCCGGGCGCCGGC.AGGCCCCC;^^^ 
..GGG.CCCACGGGGCACOGGAGGGA.ATTGAGAGTCACAGACACTGAGCCACGC.^^^^^^ 
TTGCTOG.CCCA.CTrCAGAGGAGGCAGA...TGGA.AGCA^.X^ 
G...AGTCCAGGGACTGGTTA.G..ACTTGGATA.GA..TC^^^^^^ 

CCAGAGCAC.AGAC.GGGGGCA..CTGTAGAXGTGGTTTCXAGTCCXGGCrCTGCCACT.^^^^^^ 

™c.ATrCTCCTTCGGGACCTCA..TTTCCn.CTTTGTAA.ATGAGGGTGGAG 

TGCCATArGATTCC.=..GCAC.CCAGTGCC..XrGA.TGGGCA^^^^^^^^^^ 

CAGT.GCATTGATTC.GTGCC..AGGrCACTTCCAGA.TTCAGAGT.^ 

CTTCCCAGCCTGGCTTCCCCGGATG-TTGGCTACCTCCACCCCTCCATC.CA..AG.^^^^^^^^^^^ 

^.AnGGAGAGGGTCCGAGGGTGGTGGGAGGGATAGt. n nTc:i rnTr-'-r-r^r-^n 

■ " •^^*--^^C-^-^-C^^TCCC^.AnGAGCAGCATCCCTCCCCCG 
ACCCATAGCCATGTTTT.AOA.GTCACCTT^CGt nr ar-n B -t n « ^ 

.... . •GAG.-.oT.,.-AAGGTTCA.AGGACACTGGCCTTGCAGGCCCGAGGGAGC 



BNSDOCID: <WO 0032773A1_)_> 



wo 00/32773 



PCTAJS99/27990 



71 




Ar-CCATCAC.=..^A-T:;.^-A-=Al-CAGCACATCCCTTTToAGACAC.:o 
Aa-A^--A-3C7TCTTACTv;CTCTTACATGTGATGGCATATCTTACACT.i-. 



10 Sequence ID No. 



Himian BEER protein vaxiant (VlOI) 



15 



.OLPLALCLICULVH7ArRW.3QOW0ArKMnATEII.....v..PPE.L.„H™.Ae...K..HH.r.TK.V..V.. 
-VASCKCKRLTRFHMOJELKDFGTEA.ARFOKGRKfRERAFvt-A^rwiOAELEtlAv 



Sequence ID No . 7 ; 



Human Beer cDNA encoding protein variant (P38R) 



20 



25 



30 



35 



AGAGCCTGTGCTACTGGA.AGCTGGCG7GCCCTCCTCTGGCTGGTACCA7GCAGCTCCCAC7GGCCCT^^ 

C7GCTGGTACACACAGCC7TCCGTGTAGTGGAGGGCCAGGGG7GGCAGGCG7TCA.n.GA.^^^^^^^^^ 

CGAGCTCGGAGAGTACCCCGAGCCTCCACCGGaGCTGGOG-nrnariiC: r 

.t ^"'-CAT^t.a.ACCGGGCGGAGAACGGAGGGCGGC 

CTCCCCACCACCCCTTTGAGACCAAAGACGTGTCCGAGTACAGCTGCCGCGAGCTGC ACTTC CCCGCT n -"CTC ^CC 

.n^CCoGTCAC..GAv^CTGGTGTGCTCCGGCCAGTGCGGCCCGGCGCGCCTGCTGCCC.AfiCGr- 
CATCGGCCGCGGCA.n.GTGG7GGCGACCTAGTGGGCCCGACTTCCGCTGCATCCCCGACCGCTACCGCGCaCAGCGCGTGC 
AGCTGCTGT.TCCCGGTGGTGAGGCGCCGCGCGCGCGCA^.GGTGCGCCTGG7GGCCTCG70CA.n.G7GCA.^^ 
CG.CT7CC.CA.ACCACTCGGAGCTCA.AGGAC7TCGGGACCGAGGCCGCTCGGCCGC^^^^^^^^^^ 

CGCCCGoA„CoCCAAAoCCA.ACCAGCCCGAGC7GGAG.A.ACGCCTAC7AGAGCCCGCCCGCGCCCCTCCCCACCGGCGGGC 

■.CCCCGGCCCTGA.ACCCGCGCCCCACA77TC7G7CC7CTGCaCGTGG777GA77GTT7ATATTTC^^^^^^^^ 

.-ACCCAGGGCAGGGGGCTGAGACCT7CCAGGCCC7GAGGAATCCCGGGCGCCGGCA.AGGCCCC^^^^^^^ 

AGGGGTCCCACGGGGCAGGGGAGGGWTGAGAG7CACAGACACTGAGCCACGCAGCCCCC=CTCTGGGGC^^^^^^ 

TTGCTGG7CCCACTTCAGAGGAGGCAGA^,7GGA.AGCATTTTCACCGCCCTGGGGT77TA.AG^^^^^^ 

GAAAGTCCAGGGACTGGT7A.AGA-GTTGGATA.AGAT7CCCCC77GCACCTCGCTGCCCATCAGA.^,<,::C7GAGG-GTGC 
CCAGAGCACAAGACTGGGGGCAAC7GTAGA7GTGGTTTCTAGTCC7GGC7CTGCCACTAA^^ 

TACACAA7TCTCCT7CGGGACCTCA.ATT7CCACTTTGTAA^ATGAGGGTGGAGGTGGGAATAGGATCTCGAGGAGACTAT 
TGGCATATGATTCCAAGGACTCCAG7GCCTTTTGAATGGGCAGAGGTGAGAGAGAGAGAGAGA^AGAGAGAGA.ATGAATG 



BNSDOCID; <WO 0032773A1J_> 



wo 00/32773 



72 



PCT/US99/27990 



10 



CTTCCCA3CCTG5CTTCCCC=CAT3TTTGC;CTACCTCCA-rcCT-r-nT.-TC--..-.----.. 

^^AGA3C;GTCC5AGGGTGGT3G3.GGGATAG^.TCACATCCG-CCAACTTCCCAAAGAC.CA5C-CCCTCCCC-. 

.CC<:.r.GCC.TGTT-.^GT=.....cCG..G.G..G.G^.GGr.C..GG.C.C~GGCC.XGC..GCCCG.GG.^ 
AGCCArCAC-.^rTCACAGACCAGCACATCCCTTTTGAGACACCai-CTTCTG 

aga^aca.cttc.tactgc.c.tacatgtgatggcatatcttacac.a.a.g;a^;1^.^ 

GCrOTACArA..C.GAGA.AC.GCAGAGCAT.A.AG..GCCACC.A...A..:......^^,,,,^ 

™T..C.CAC..AAGr.A...A.GCA^.GX...........,,.^,,,,,,,,,,^^^^^^ 

CAGTCTGrrcrrcCAGAGTCCAGAGACATTCrrAATAAAOACAATGAATCATGACCGAAAO 



15 Sequence ID Ko 8- u-^-..^ t> 

«o. B. Human Beer protein variant (P38R) 



20 



MQLFLALCLVCLLVHTAFRWEGQGWQAFKNDATEIIRELGEVEEFrrE:^.,,,;,..,,,,,,,,,^ 

RELHrTRYVTDofCRSAKFVTELVC3GQCGri^=t^ LtrM- TrR -vtaTW-^ c -~ . 

r. ..... n.-.K,;..,K-WW.p,,,PD^.f.^, .pj.^^^^^^^ 

Lv'ASCKCKRLTRrHNQSELKDrGT£^.R.gKGRKPRFRAR5AKANQAEL£Mnv 



Sequence ID No. 9: Vervet BEER cDNA fcomoic^ 

ciiWA (coinplete coding region) 

25 •^•1'^^C:AGCTCCCACTGGCCCTGTGTC"TGTCTGr-TC;r^— --n-n^^^. 

— i . . •C'-.CAGCCTTCCGTGTAGTGGAGGGCCAGGGGTGG'-i' 

C. T.. . .C_.o..C.,„AuA.ATGGAC-GGCGGCCTCCCCACCACCCC7TTGAGACCAAAGACGTGTCCGAGTAC"GCTGr 

CGAGAGCTGCACTTCACCCGCTACG.GACCGA.GCGCCGTGCCGCAGCGCCA.AGCCAGTCACC^^^^^^^^^ 

CCAGTGCGGCCCGG CACGCCTGCT 3 r CCA-ACGCC II TCGG -C 

- - . o •^'^^''"TGGCGCCCGAGTGGGCCCGACTTCCGCT 

GCATCCCCGACCGCTACCGCGCGCAGCG^GrGCAGC.GC.GTG.CC^ 

CXGGTGGCCrCG.GCA.AG.GCA.AGCGCC.CACCCCCrTCCACA.ACC^^^^ 

TCGGCCGCAGA„AGGGCCGGA_nGCCG"GGCC--- 



AG 



35 



Sequence ID No. 10: 



Vervet BEER protein (con5>lete 



sequence) 



BNSEXXID: <WO 0032773A1.L> 



wo 00/32773 



73 



PCT/US99/27990 



FZTT'y/SZ\'SC. 



RELHrTRYvTC--3fCRSAKFv7£LVGSGQCGFARLLFH.-.T 



LVASOCCKRLTRFKiJ05ZLKDrGFEnnRpoKGRKFRrRARGAKA::OAILEK: 



AY 



10 



15 



Sequence ID No, 11: 



Mouse BEER cDNA (coding region only) 



AT..CAGCCCTCACTA-:;CCCCGTGCCTCATCTGCCTAC7TGTC 
AGCCTTCAGGAii.Tv 

TGc^L.ccGGGCGGAGA.ATGGAGGCAGACCTCC 



rCTGTGCTGTGGAGGGCCAGGGGTGGCA 
rCCGAGCCTCCTCCTGAG.AAG.A^.CCAGACCA 
:C.A"AGGTGTGTCCG.-.G7ACAGCTGCCGCG ^ 

C^<,CCCCC.CC.CC;c.CT.CT.crCAACC=CCATCG03C.CGT..A^TO;C:TC;^CC.CCC..^C^C;ACC::aAT 

CGGATCGCTACCGCGCGCAGCGGGTGCAGCTGCTC 
GCCTCGTC 



^.TTrcC.'GCTGCATCC 
FGCGTCTGGTG 




GCAG.aAGGGTCGCAAGCCGC^ 



ACTAGAG 



20 



25 



sequence ID Ko. 12: House BEEK protein (con^lete sequence, 

M0PSI..C.rc.LVHAArCAV.G0GW..PR.OATEVrPGLGEVP^......oT^ 

lHVTKrLTOC.CRSAKPX...VCSGOCC.ARUL.HAlGRV^..RPHOP.r^^^ 

ASCKCKR LTR FHMOSE LKDFG F ETAR F QKGRK PR F GARGAKAI IQAE LE? : AY 



35 



Sequence ID No. 13: 



Rat BEER cDNA (con^Xete coding region plus 5' trm, 



30 -----.OT^CCCTTCCTCCTrcrCCC..^^^^^ 

GCCTTCGTTGCTGTGGAGAGCCAGGGGT.^r,rnannr"rT^n ^ -t, 

^.T CATCCCGGG ACT CAG AGAGT A 



- . .^^.w, « . I \„(^i^v.7vj(j.H<_ TCAGHGn.GT^ 

TGCACTACACCCGCTTCGTGACCGACGGCCCGTGCCGCAGT 



GCC.^n.cccC3TCACC3A<3TTC.TC,TGCTCC,aCCrAGTGCC,.C^ 
GTGaTCGCGCCCa...CCGACCCCACTTCCOCTC,C.n.TC^^^ 
GCGGCOCOGCGCCGCGCTCaCGC....3aTCCGTCTG0TGGCCTCGTCC^^^^^^^^ 



BNSDOCID- <WO O032773A1_l_> 



wo 00/32773 



PCT/US99/27990 



74 




'ACGCCTACTAG 



H) 



sequence ID No. 14: Hat BEEK protein (con,>lete se<^ence, 

:./.^CKCK^^LTRFHNQSEIA-D^G?£TARFQKGRKFRFR.«5.»>CA,IOAE^.ENAY 



15 



20 



Se^ence X. Ho. 15: Bovine BE.K cOK. Cpa.ti.1 co<Un. 3e.^ence, 

CGGGCGaAG.AC.GAGGOAGACC..CCCACC^^^^^^ 

"-"-W-ACrTCGGGCCCGAGGCCGCGCGGCCG?--r 
CGGGCCGG^^GCTGCGGCCCCGCGCCCGGGGCACCA-GCCAGCCGGGCCGA 



Sequence ID No. 16: Bovxne BEER ^^r.^ 
5, , ^ protexn (partial sequence - xaissing 

^3 signal sequence and last 6 residues) 



30 



HOATEIIfELG£yPEFLPELHNKTK.H;,,,GGR.PHHrrETKDASEVSCRELHrTRV 
ARLLFNAIGRGKWWRFSGFDFRCIFDRYRAORVQLLCFGG.A-.F 



VTDGFCRSAKPVTELVC-GQCGF 



GRK'LRFRARGTKASRA 



RARK-VRLVASCKCKRLTRFHNQSELKDFGFEA.ARF 



35 



Sequence ID No. 17: 
transgene 



Mlul - Avill restriction fragment 



used to malce 



Biouse Beer 



CGCGTTTTGGTGAGCAGCA.^.TATTGCGCTTCGATGAGCCTTGGCGTTGAG. 



ATTGATACCTCTGCTGCAC;^.A.A,AGGCA.ATC 



BNSDOCID: <WO 0032773A1.I_> 



wo 00/32773 



PCT/US99/27990 



75 



10 



15 



20 



25 



30 



35 



oACCGAC: — -ACCAGCGCATTCGT^AC^CCGTCTCCTT'-:..^ 

..Ca.CCTC.C..aTTTTC.Cr.TTT.T.;.^TTTTCCC:.TT.^..C..TTTCC.TTC.r^ 

TCTGTTTTTGTCCGTGG.A^.TG^ a^n axGi^i - — ^^..^^ / 

TCGCGGC-GCAT^ATACGACTCACTATAGGG^^TCG^r-.-.r-^--:,^.^,., 

.1 C.. A. . CC.:......CATGAAGCGGAGGAGCTGGACTCCGCnTG 

CCCAGAGACGCCCCCCA^.CCCCCAA^^.GTGCCTGACrTC^ -r-TCT n ^^-r^ -^^-.^ 

TACa^.CG7TCTCTTA_ACAGGTGGCTGGGCTGTCTCTTGGCCGCGCGT.^.--3^^.^,^ 

^ o : -CAGCT..,c CTAGTTCTGCAGTGAGGTC 

ACCGTG.,A:i.TGTCTGCCTTCGTTGCCATGGCAn CGG - - 7 ^ ■"GT't' a p- — -n 

-ov. : AC-.-.: -To....-,7GTGGAGCTTTTCCTGTCCGTGTr-i 

GGP.A-.7CCAA^.7 ACCCTAAAATACCCT AG.A^.GAGGP,:..G7AGCTG = G'-C - - - -^-TT--- "^^ 

AC7TAGATGGAAAA-AACAAAnTGATAAHGACCCGAGCCATCTG^n..-.-^ " ' 

• • ^ i «- . '-CTT-^-^.TTGCACCACTAGGAA^^.TGTGt:: 

ATCTTTCAS.TGTCTTAC.n.TGTGTGT'^TC'-TGT'-'-T -rnr-: 

TC.T^T-.T.,CAC. . •--GACCTGCTGCCTAGCCTGCAGCAGAGCCAGAGG.SG-T 

TCACA.3AT.AGTCTCAGACACTTGGGGGCAGGTTGCATGrACTGCATCC.CTTATTTC^^^^^^^^^^^ 

TCAAACACCA.A.CGTGTTCACTCTTCAGAACGGrGG.GG.CA.CATGG.GCA...GCTGACGGTTGGAXTGGTCGTAG. 

GAGCTGAGATATATGGACGCACTCTTCAGCATTCTGT^nnccT-r-™ ^ 

- - - o . o ^ - i TCT TG CTCCTG AGC.Aa GTG G C7 AA^.CA 

GACTCACAGGGTCAGCCTC'"a(5C7C'iGTC'''"TrraTn - - 

" '''' " " '■■'"''^"'^'^•'''^'^^-''-'''-^"■"'^-CCAGTCCTCCCTACCTC^^^^ 

.O...GCCAGGGGGCTTGGCGGTCTCAGGAGCC.GCTTGCTGGGGGACAGC^.GTTGAGTTTTAXCTG.^^^^^^^ 

AGGCATAGTGTCAGGACTGATGGCTGCCTTGGAGAn.CACATCCTTTGCCCTCTATGCAA^^^^^^^^^^ 

OC.GCTCA0CTGGGAGGATC...C.CCATACCTA..».GCCA.GCCTA.^^^^^ 

OGGCTTCCCGCACATCCTCTCAGGCCAGTGAGGGAGTCTCTGTGAGCTGCACTTTCCA.^^^^^^^^ 

OGGAGG.GGGGGCAGAGCC..GCAGC.™c.CCCAXCXGGACAGCGC.C.GGCr^^^^^^^^^^^ 

ACATCCCCACCCCACCCCCACCTTTCCTGTCCTGCAG^TTT-'GGCTC r--., r- 

^..^...11 r. .GGCTC, v.. . TCACGGGGGGGGGGGGGGGGGGGCTGTCr- 

TATCCTCTCTTAGGTACACAGGACTCTGCAGGAGACACTGCTrTGTA.AGATACTGCAGT^^^^^^^^^^^ 
OG..AAGCGAAGGGCCTCTTrGACCAT.CAGTCAA.GGTACC.TC^^^^^^^^^ 

ACATTGCAGAGAGCCrCAGAA.CTGTAGTTACCAa.GTGGrAGGATrGArCC^ 

TTCTTCACCCAGTCACCG.ii.arATTTATTCaGTii^rTaccrr^rTonr'n--^. 

^. .t.r. .„.T. •^CCCGTA^CA^.oCACCG7AGCAGGTACTGAGGGACGGACCACT 

CA„aAGAaCTGACAGACCGAAGCCTTGGAaTAT2i o i\^:='CCa acrn- 
aGCCCTTTA.CACTCAGGACCCCCACCCCCACCCC.^^^^ 

G3CACAGGACGATATA..0TGGCTTGCrTA.GCTTGTCTGCATG0TA.A.TGGC^^^ 



BNSDOCID; <WO 0032773A1_I_> 



-WO 00/32773 



76 



PCT/US99/27990 



rTCTCGTT3-TC^^TrTGG:-C-TA:™C:^:?T;.:^-TCAGoCTAC;CCTCArACTCA- 



10 



15 



20 



25 



rCCTCACA^CATAGG-TTGTGATAGCAGCACACACACCGGn.o;GAGZTGGG3A-^ 
ACAGGCGA.ATG CCT ACAC AGA.AGGTGGGG.AAGGGA -.G'^ G GGG Lar---— n-r .^^.^ 

.-.-.----ToCCv^..-. i A.-CCGTATATGGCTGGGGTGAGGGGAGAGGTCATGAGATC- 
TACO 



30 



35 



ar?ctagggtc7a7ttttcttt' 

-ccttctcccatggcttacga3tgctaggattcca:;gtgtc;t:.c:tac-tgtct.actccctgtagcttgtctatacca 

TAGGATG 
?G 

=TTGCC.-.GAGGCTCGGATCTTCCTCCTCTTCCTCC~TCCGGGGCTGCCrG7TCATTTTCC^=rCAC7:; 
CC-CCCATC:CAGGTC7GTGGCTCAGGACATCACCCAGCTGCAG/^ACTGGGCATCACCCAC:GTCCTGAATGCTGr;c:GA^.. 

gcaggtccttcatgcacgtcaacaccagtgctagc:ttctacgaggattctggcatcacctacttgggc:atc:^aggcca^t 

GATACGCAGGAGTTC^.CCTCAGTGCTTACrTTGAAAGGGCCA.:AGATTT.ATTGACCAGGCGCTGGCCCATAA-.TG:, 

-A..GG^CGTACATT=CGGCACCCATGGAGCGTAAGCCCTCTGGGACCTGCTTCCTCCA-GAGGrccc:CACTTGA.^..... 

Z-Z77 CC AGA.i.AGAT CCCAAA !>T^TG'-^o.-'~3iiCTa ..T-na-T-— 

. .U.O,-.-. -o ; , ACATGTGAGCCGATGGGGGCCACTGCATAT 

A3-CTGTGCCATAGACATGAC?.ATGGATAA.TA.ATATTTCAGACAGAGAGCAGGAGTTAGGTAGCTGTGCTCC77TCCCTT 

7:-ATTGAGTGTGCCCA77T77TTATTCATGTATGTGTA7ACA7G7GT.7GC:ACACATGCCATAGG7TGATACTG..A 

G7.7TC.A.A-CGrTCCCCACCCCACCTTAT7TTTTGAGGCAGGGTCTCTrccCTGATCC7GGGGC7CATTGGTTTATC:7AG 

■.7-GCTGGCCAGTGAGCTC7GGAGT7CTGCTTTTCTCTACCTCCCTAGCCCTGGGACTGCAGGGGCATGTGC:TGGGCCAG 

GCTTTTA7GTC:GOGT7GGGGATCTG.= »CTTAGGTCCCTAGGCC7GAGCACCGTAAAGACTCTGCCACATCC:.rCAGCC7GT 
TTGAGC.^AGTGA.ACCATTCCCCAGA.A7TCCCCCAG7GGGGCTTT^C^^^^^^^ 

Ci .oo. - •'^^"-^'^^■'^C^C-^-Cv-'ACTGGCTCAGGGTCAGCAGCCTAGAGATAC^ 

GC7CCCTGCAGCCGCAGACAG.A...AGT..ggAC7GAATGAGAGCTGGCTAGTGGTCAGACAGGACAGA.A^^ 
ACAGGGCAGATGTCAGCAGAGCAGACAGGTTC7CCCTCTGTGGGGGAGGGGTGGCCCACTGCAGGTG7A.ATTGGCCTTC7 
T7G7GCTCCATAGAGGCTTCCTGGGTACACAGCAGC7TCCCTGTCC-GGTGA77CCCAAAGAGA.ACTCCCrA=CACTGGA 
C77ACAGA.AGTTCTATTGACTGGTGTAA.CGGTTCA.ACAGCTTTGGC7C7TGG7GGACGGTGCATACTGCTGTA7CAGCTC 
.-.^oAu..T--ATTCAC>.,AAT^,AA.CACACACACACACACACACACACACACACACACAA.GCTA.^^ 

GC7CAGTGACTGGGCA7TTCTGA.CATCCCTGA...GT7AGCACACAT77CC.TCTGG7G77CCTGG™^^^^^ 
A7C7ATATTTTATCTTTGCTGCCCTGTTACCrTC7GAGAAGCCCCTAGGGCCAC7TCCCTTCGCACCTACATTGCTGGAT 
GGT7TCTCTCCTGCAGCTCTTAA.ATCTGATCCCTC7GCCTC7GAGCCATGGGA.CAGCCCA.ATAAC7GAG7TAGACATAA. 
A.A.CGTCTCTAGCCAAA.CTTCA3CTA...ATTTAGACAATAA=TCTTACTGGTTGTGGA..TCCTTA^^^^^^^ 

TCC7-7CACATGGCACGAGTATGAAGCTT7ATTACAA7TGTTTATTGATCA..ArTA.CTCATAA-AGCCAG 

■ACC7GCTCA.AGGA^.GGAAGAAAn.TTCATCCTTA.ACTGATC7GTGCACCTTGCACAATCCATACGAATA^^ 

7AAGATTTTGGTTGTGAGAGTCACATGTTACAGAA.TGTACAGCTTTGACA.AGGTGCATCCTTGGGATGCCGA.AGTGACCT 

GC7GTTCCAGCCCCCTACCTTCTGAGGC7GTTTTGGA.GCA.TGCTCTGGA.AGCA.ACT7TAGGAGGTAGGATGCTGG.AAC 

AGC3GGTCACTTCAGCATCCCGATGACGA..TCCCGTCAA.GCTGTACATTCTGTAACAGACTGGGA.».AGCTGCAGACTTT 

An.GGCCAGGGCCCTATGGTCCCTCTT.^ATCCCTG7CACAGCCAACCCGAGCCCTTCTCCTCCAGCCGTTCTGTGCTTCTC 

AC7CTGGATAGATGGAG.:.ACACGGCCTTGCTAGT7AAAGGAGTGAGGCrTCACCCTTC7CAC^^^^^^ 

CCTCATTCAGGGA.ACTC7GGGGCATTCTGCrTTTACTTCCTCTT7TTGGACTACAGGGA.ATATATGCTGACTTGTTTTGA 
CC7TGTGTATGGGGAGAC7GGATCTTTGGTCTGGAATGTT7CCTGCTAGTTTTTCCCCATCCTTTGGCA..ACCCTATCTA 



BNSDOCID; <WO 0032773A1_L> 



wo 00/32773 
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rATCT7A""-T.GC;CATAGT3o==CTr"r-T0::...;;~..-TT~.^ 
TTGTrv3GT.=.CAC7-CT."AGAT.-.:.-^ATG.3ATACTG-vCCT--C 

TGCW.GAT.=AiATG-3ATACTGGCCTCTCTCTATCC.-.C7Tr,CAGGACTC^ 

..■..oL,l.,CTAoG.-...,..-..-.,^,n^,^,Xt^,(;y._^^^,(,t_ 

^.tactctta.^..atctgggtgggcagagtggcctg::ctgt^tccc:ag^ctcgggaggcgga.acagg,....tcatca.a 

TAA-CATT.A^..^GACAGTAGATGCCA.ATTTrA.AGCCCCCACATC.CACAT..GAC-C.TC;7C;caT^ 

-ACTCA-GTGAA-CAGGCATGCACACTCGGGCTTATCA.ACACArA.ATTTGAAAGAGAGAGTGAGAGAG.;;A^AGTGC:AC 

ATTAGAGTTCACAGGAAAGTGTGAGTGAGCACACCCATG:;ACACAGACATGTGTGCCAGGGAGTAG^AAAC.aAG:;CTGGG 

TTTGTGTATAAGAG3GAGCCATCATGTGTTTCTAAGC-AGGGCGTGTGA..GGAGGCGTTG7GTGGGCTGGGACTGGAGCAT 

G'7TT.3T.^_a.CTGAGCATGCTCCCTGT-^G 3 - l c a ^ G--;.-! r zr-^^r-rr, ~ - , 

A-^GCCCCTGC7GAGAAC777AGGTA.ATAGCCAGAGA-GAAAGGTAGGAAAGTG.:K;GGGACTCCCAT-:CrGA7G7AG 
GAGGA7C7GGGCA.AGTAGAGGTGCG77TGAGGTAG-AC,AGGGG7GCAGAGGAGA7GCTCT7AA77CTGC.G7CA^^^^ 

TGCTGGAA-GGCCGAGCA7CA.ACCC7GGC7CTGGA.AG.^ACTCCATC777CAGA.A.GAGAGTG..ATCTGTGTA7GGCC 
CGGGGTCACAGG-GCTTGGGGCCCC7GGGGGACTCC7AGCACTGGG7GA7GT7TATCGAGTG-CTTGTGTC.CCACK;C^^^ 
7GGCCTGGGGC7TTG7TTCTG7C7C7G7777GT7TCGTTTTT7GAGACAGACTCT7G.rrA-GTATC:CGTGTCA.A7CTTCK. 
AATC7CACTGCATAGCCCAGGC7GCGGAGAGAGGGGAGGGCAATAGGCCTTG7A.AGCA.AGCCACAC-7CAGAGAC7A.GAC; 
TCCACCCTGCGA.ATGATGACAGG7CAGAGCTGAGTTCCGGAA.GAT777777TCCAGCTGCCAGGTGGAG7GTGGAGTGG.:: 
^oC. . J o T. .o. .0*^0 „ o - . 1 C -C 1 -o To V, A-ooA^j.^^.-.a T G C.A^^.G CA^.G AG AT GGC A^.GCCAG TG AGT T.Ai^.GCAT 

TCTGTGTGGGGA.GCAGGTGGATGA.AGAGAGAGGC7GGGCTTTCGCCTCTGGGGGGGGGGTGAGGGG7GGGGA7GAGGTGA 
GAGGAGGGCAGCTCCCTGCAG7GTGA7GAGA7777TCC7GA.CAG7GACC77TGGCC7C7CCC7CCCCCAC7TCCC77CTT 
7CCT77CT7CCCACCAT7GCT7TCCT7GTCC7TGAGAAA7TC-TGAGTTTCCACTTCACTGGTGATGCAGACGGAAACA..A 
AGCCG7G7G7G7GTGTGTGTGTG7G7G7G7GTGTG7GTGTG7GTGTGTGTT7G7C7=TA7GTG7G7G7G7GTG777CiTGT 
GTATG7GTGTCAG7GGGAA7GGC7CATAG7CTGCAGGA.AGG7GGGCAGGA.AGGA.A7AA.GC7GTAGGC7GAGGCAG7G7GG 
. .oAGut. .T. .CC. .GAGAAoG-AA. : TA^i.uGGAGCTACAii.GAGGGCATTGTTGGGGTGTGTGTG 

7G7G7G7G7TGTTTnTAT7TGTA7TGGAAATACA77CTT7TAA-n.ATACTTATCCAT77A777A7777TA7G7GCACC,-7 
GTGTG7GCCTGCATGAGTTCATG7GTGCCACG7G7GTGCGGGA.ACCCTTGGA.GGCCAC.V.GGGGGCATCTGATCCCCTG.:, 
AACTGGAGT7GGAGGAGGTTGTGAGTCCCCTGACATGTTTGCTGGGA.ACTGA.ACCCCGGTCC7A7GCA.AGAGCAGGA.AGT 
GCAGT7ATCTGCTGAGCCATC-CTCCAGTCCTGAAATCCATTCTCTTA^.ATACACGTGGCA.GAGACATGATGGGATTTA 
CGTATGGATTTAA7G7GGCGGTCAT7AAGTTCCGGCACAGGCAncCACC7GTA-.GCCATCACCACA.ACCGC.AA.CAG7GA 
A7GTGA.CCATCACCCCCA7G7TC7TCA.7GTCCCCTGTCCCC7CCATCC7CCA77CTCAAGCACC7CTTGC-7CTGCC7CTG 
TCGCTGGAGA.ACAG7G7GCATCTGCACACTC77A7G7CAG7GA.AG7CACACA.GCC7GCACCCC7TCC7GG7C7GAG7A7T 
7GGG77CTGACTCTGC7A7CACACAC7AC7G7ACTGCATTCTCTCGCTCTC7T7TT77AAACA7A77T7TATTTG777GT 
GTGTA7GCACATgVgcCACA7GTGTACAGATACTATGGAGGCCAGAAGAGGCCA7GGCCGTCCC7GGAGCTGGAGTTACA 
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3G --.■3--;.3T.:^TGA-?C7c;c ::t:^ r-TvTc-j r-?.:; cr 3 - - j i- - - , ^ . _ 

TCTCAGTACCCTTCTTCA-?TCTVC^CCT5GGT?CC.-TT-TATo-7Ar.-/-iTa^ 

T3T>rATTC-7TTTGTGCT.^A.JA.^^.a^.G-.^.^.7.3CTCTATAGCCTo=S"7r-0:CCTC^^^^^ 

TCC-CCTCCTGAGTGCTA.^G.^TGA-AGGCGAGT-3T.-CTTACATC-~7-CAT...T7TTGT~ 

TCA-ACAGAGAAGGTCTGG--CA-c;TGTGCAGT7CACTG.^.7GG-C-CCC-3ATC-GA^ 

C7GGAGAGATGGCAC7GACTGCTC7TCCAGAGG77CGGAGT7C.A77CrCAC..:A.CCACATGGTGGCT=ACAGCCAT:;T^ 
• -'-'•C-=Aa».TCTGACGCCC?CTTCT5CrrCT^^ 

ACACACACACACACAA-TACCAC<;CCAGA^AGC7CACTCrATGTTC::CTCCCACG70TCTGCC7A.AGTAC-CCCAGG-T 
ACCACTGT-CAGGCTTC7AA^AACCTGGTT7ACTTGGGCr7CTTTTC;7GCTCTG-GGAGCCACACAT7TGT^7-GCC7-7 
ACACC.T7CT7TC7AGT.^Ar-T-GCA7ATTACTC7GCG77777ACATGTA7TTATT7A7TGTAGT7GTG7G7GCGTG7GG.-:- 
CCA7GCA7GGCACAGTGTGTGGGGATGTCAGAGTAT"7C^CAGGGGACAG7~C77TTCTTCAATCA7GTGGGTTCCAG 
AGG77GAACTCAGGTCATCA7GTGTGGCAGCAAAT^CC7T7ACCCACTCAGACA7r7CCATATTCTTTTT7TTTCCCC7C^ 
AGG7GGGGGCT7GTTCCA7AGCCCA^CTGGCTTrGCACT7GCAG77CAAAGTGAC7CCCTGTCTCCA-TCTTAGAG-. 
T7GGA.77ACGA7G7GTACTACCACACCTGACTGGAT-T7AATTrTT7GATGGGGGCGGGGA.GCGCACATGCTGCA.:.. 

GGT77GCCAGAGAAC.AAC7TACAG.AAGTTC7C.GTGCCATGTGGA7TCGGGG7-GGAGTrCAACTCATCAGCTTGACA7 

TGGCTC-7CTACCCACTGAGCCTTCTCACTACTCTCTACCTAGA7CA7TAATTC7T7TTTA-AAAGAC7TA 

TGGAGAGATGGC7CAGCCGTTAAGAGCACCGAATGCCCT7CCAGAGGTCCTGACTTCAAT7CCCAGCATGCCA7TGCTGG 

w_.-.oT.-.,.,^-L,^,o'_v.,._.nu>..Tc,TTCAACGTGAG7AGCTG7?GCCAGTTTTCCGCGGTGGAGAa.CCTCTTGACACCCTC.CTG7-J 

CCTGGTCATTCTGGGTGGGTGCATGGTGATATGC7TG7TG7ATGGAAGAC7T-GAC7GTTACAGTGAAGTTGGGCT7CCA 

CAGTTACCACGTCTCCCC7GT7TCTTGCAGGCCGGGTGC7-GTCCATTGCCGCGAGGGC7ACAGCCGCTCCCCAACGCTa" 

CCCCAArGATGGCTTCC7GGCCCAA.C7CTGCCAGCTCA.TGACAGAC7AGCCAA.GGAGGGCAAGGTGAAA.CTCTAGGGTG 

CCCACAGCCTCTTTTGCAGAGGTCTGACTGGGAGGGCCC7GGCAGCCATGTTTAGGAAACACAGTATACCCACTCCCTGC 

ACCACCAGACACGTGCCCACATCTGTCCCACTCTGGTCCTCGGGGGCCACTCCACCCTTAGGGAGCACA7GA.GAAGCTC 

CCT.nAGAAGTTCTGC7CCTTAGCCA7CCTTTCCTGTA.nTTTATGTCTCTCCCTGAGGTGAGGTTCAGGTT7ATGTCCCTG 

TCTGTGGCATAGATACATC^CAGTGACCCAGGGTGGGAGGGCTATCAGGGTGCATGGCCCGGGACACGGGCAC7CTTCAT 

GACCCCTCCCCCACC7GGG7TC7TCCTGTGTGGTCCAGAACCACGAGCC7GGTAAAGGA.ACTA7GCAA.CACAGGCCCTG 

ACCTCCCCATGTCTG7TCCTGGTCC7CACAGCCCGACACGCC:CTGC7GAGGCAGACGAATGACATTAAGTTC7GAAGCAG 

AGTGGAGATAGATTAGTGACTAGATTTCCAAAA.G.AGGAnAAAA.AAGGCTGCATTTT.AAAATTATTTC^ 

AGATACTACATAGGGGCCC7TGGGT.n.AGCAAA.TCCAT7TTTCCCA3AGGCTATC7TGATTCTTTGGAATGTTT.AA.AGTGT 

GCCTTGCCAGAGAGCTTACGATCTATATCTGCTGCTTCAGAGCCTTCCCTGAGGATGGCTCTGTTCCTTTGCTTGTTAGA 

AGAGCGATGCCTTGGGCAGGGTTTCCCCCTTTTCAGAATACAGGGTGTA..^.GTCCAGCCTATTACWCAAACAA-AAA 

CA..ACAA-AA.AGGACC7CCATTTGGAGAATTGCnAGGATTT7ATCCTGAATTATAGTGTTGGTGAGT7CAn.GTC^^^ 

GCCAAGTGCTTGCCATCCTGG7TGCTATTCTAA.GA.7A.TTAG.GA.GGAGGA.CC7AGCCAATTGCAGCTC^^^^ 

GTG7GTGCACGGGTGCATATG7TGGA.AGGGGTGCCTG~CCCCTTGGGGACAG.A.AGGA.AAA.TGA.AA.GGCCCCTCTGCTCAC 
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■-^-^^■-^-^^-■^■"^^^^^^^^ 

TG.V.CCTCGCT3GACCTTGTAT.;TGTGCACATTTGCCAC,.^GATTG-^.C>.TA=T 

TATGAG«Cl-GAGCTGTT7GAG7ACCCCGTG7ATAGAGAGnGTTGTT3TCGTGGr.GCA::cCGGA7CCCAGCAGCCTG 
7GCCTGCC7GTAGGA7GTC7TACAGGAGT77GCAGAC.A-.CCTTCCT7GGAGGGA.A».GA-TATCAGGGATTT7TG^ 
ATA777CA.^.A77CAGCTT7A-AGTG7AAGACTCAGCAGTG77<;A7GGT7AAGGTAAGGAA/JA7GC 

GCAAGAGGCAGGA0.AAGCAGACCTGTC77AGGATGTCAC7C:CCAGGG7A-GACC7CTGATCACAC;c:AGGAC;C:AGAGr7C^ 
7GCAGCC7GGATGGTCA77GTCCCCTAT7C7G7GTGACaACAGCAACrC7GGTCACA7AGGGC-GGTCATCC7T77T77T 
TTTT77TTT-TT7T-TTTTGGCCCAGA.A7GAA.G-GACCA7AGCCAAGT7GTGTACC7CAG7Cr77AG-TTCCAA.GCG.-CT 

GA3AGGA-GAACA.AAACAAAACAAAACACCACAAACCA^.AACATCTGGGCTAGCCAGGCATGAT7GCAATGTCTACAG 

GCCCAGTTC.ATG.AG.AGGCAGAGACAGG.AAGACCGCCG.^.AAGGTCA.AGGATAGCATGGTCTACG7A7CGAGACTCCAGCCA 

GGGCTACGGTCCC..A.G.ATCCT.AGGTTTTGG.ATTTTGGGC7TTGGTTTTTG.AGACAGGGTTTCTCTGTGTAGCCC7GGCTG 

TCCTGG.A=.CTCGC7C7GTAGACC.AGGCTGGCCTCA.A^.CTT.AGAG,ATCTGCCTGACTCTGCCTTTGAGGGCTGGGACGAA.T 

GCCACCAC~GCCC.nA.CT.:.AG.ATTCCAT7.^AAAAAA-AAAA.GTTC.AAGATAA.TT.AAG.AG7TGCCAGCTCG^ 

GTAG.AAGC.AGTCTCAGGCCTGCTGCTTG.AGGCTGTTCTTGGCT7GGACCTGAAA.TC7GCCCCC.:>.AC.AG7G7CCAA.G7GCA 

C.ATGACTTTGAGCCATCTCCAG.AG.^.AGG.AAGTG.AAOA.TTGTGGCTCCCCAGTCG.'>.TTGGGa.Ci>.CSGTr-T'-TCTTTGT'-TA 

GGT.AACACATGG7GACAC.AT.AGCATTG.AACTCTCCACTCTGA.GGGTGGGTTTCCCTCCCCCTGCCTCTTCTGGGTTGGTC 

ACCCC.AT.AGGACAGCCAC.AGGAC.AGTC.ACTAGC.ACCTACTGG.AAACC7CTTTGTGGGAACATG..AG.:.AAGAGCCTTTGGG 

.AGATTCCTGGCTTTCC.ATTAGGGCTG.-AG7AC.AACGG7TCT7GGTTGGCTTTGCCTCGTGTTTAT.:.A.AACT.AGCTACTA 

TTCTTC.AGGT.A^.nA.TACCGATGTTGTGG.»AAA.GCC.=.ACCCCGTGGC7GCCCGTGAGT.AGGGGGTGGGGTTGGG...ATCCTG 

G.ATAGTGTTCTATCC.ATGG.AAAGTGGTGG.AA7AGGA...TT.AAGGGTGTTCCCCCCCCCCCC.AACCTCTTCC7CAGACCC.AG 

CCACTTTCT.ATG.ACTTAT.AAAC.ATCCAGGT.-A.AATTAC.A.A.CAT.AAA-TGGTTTCTCTTCTC.A=.TCTTCT.A-GTCTG 

CCTGCCTTTTCC.AGGGGTAGGTCTGTTTCTTTGCTGTTCT.ATTGTCTTGAG.AGCAC.AG.ACT.^ACACTTACC.Aa^.TGAGGG 

.AACTCTTGGCCC.ATACT.nAGGC7CTTCTGGGCTCC.AGCACTCTT.AAGTTATTTT.=A.G.n.ATTCTCACTTGGCCTTT.AGCAC 

.ACCCGCC.ACCCCC.».AGTGGGTGTGGATAA.TGCC.ATGGCC.AGCAGGGGGCACTGTTG.AGGCGGGTGCCTTTCCACCTT.:>J>.G 

TTGCTT.ATAGT.ATTT.^^G.ATGCT.-AA.TGTTTT.AATC.^.AG.nc-A.GC.ACTG.ATCTTATAA.T.ACG.AGGAT.=.AGAGATTTTCTC 

.AC.AGG.W.TTGTCTTTTTC.^TA.ATTCTTTTAC.AGGCTTTGTCCTG.ATCG7.AGC.A7AG.AGAGAA.7AGCTGGAT.^TTT.A=.CT 

TGTATTCCATTTTCCTCTGCCAGCGTT.AGGTT.nA.CTCCGTAAAAAGTG.ATTC.AGTGGACCG.:..AG.AGGCTCAG.AGGGCAGG 

GG.^TGGTGGGCTG.AGGC.AG.:.GC.ACTGTCACCTGCC.AGGC.ATGGG.AGGTCCTGCCATCCGGG.AGGA™G.nAAGTTTAGC 

CTCT.AGTCT.ACC.ACCAGTGTT.nA.CGCACTCT.W.GTTGT...ACC.W.AT.<>AATGTCTT.ACATT.AC.=A.AG.ACGTCTGTTTTG 

TGTTTCCTTTTGTGTGTTTGGGCTTTTTATGTGTGCTTT.AT.n;..CTGCTGTGGTGGTGCTGTTGTT.AGTTTTGAGGT.AGGA 

TCTCAGGCTGGCCTTG.AACTTCTG.ATCGCCTGCCCCTGCCCCTGCCCCTGCCCCTGTCCCTGCCTCCAA.GTGCT.AGGACT 

.A.A-.AGCAC.ATGCC.ACCAC.ACCAGT.AC.ACC.ATTTTTCT.AA.C.nTTT.=AAAAT,AATCACCT.AGGGGCTGG 

GCT.«^.GAGTGC.ACACTGCTCTTGGGT.AGG.ACCTG.AGTTT.AGTTCCC.AG.-CCTATACTGGGTGGCTCC.:^GGTCCAGAGGA 
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TACTG3AC-C7CCAGGGA^T-A-3CTGG^TG™3..^3GCCCCAGC;TATT.7GCrc-A7TC;C.CT^ 
.^TTTTTTAAA~TGAAAAGAAA^.GATGT^rCAAG=rTAGATGAGTGGTTGCTGTGAGCrGAGAGCTGGGG~G^ 

c;acatgtgo:acaactccat.aaa....gcgacagaaag-.3ggctgtggtgacagctacctct^tctccacctccgggag 

GTGATCA.AGGTTAGCC.-CTCAGC- - -■-••~TGT.-;--t r-r. 

GACATCAGGOCAGA.CCTTGGG = ..A^..CGGACA.G..A=.crc.-GGTAAGGTCGTGrAGAAGCGGAT....G.G.. 
CGTGCCGCA.GCATCATGAGAGA.r.CTAGG7AAGTAA.3ATGGATGTGAGTGTGrcGGCGTCGGC.C.^^....-..-~- 

GGCTGTGGTGCTGGACTGGCATCr77GGTGA3CTG7 = .A.GGGAAA7GGGTAGGGAGATCATAAAA7CCCTCCG.^T;^- 
TTCA.GA.C7G7CTA7TACA.T7A777CAAAA7AT7A^^^..,,^,,^^_,,,,^^^^ 

GTGGTGTGCACCTATAGCCACGG..AC7rGGAAAGC-33AGCAAGAGGATGGCGAG77TGA.GGXATC7GGGGCTG.... 
GCA.GACCGTCGTCCCCAAACCAAA.CAAACAGC.A....AT7ATGTCACACAAGAGTGr77ATAGTGAGCGG^-^-TC.CT 
.AGAGCATGGGGTGGGGG7GGGG.7GGGGGACAGA.AA7A7CrAAACTGCAG7CAA7AGGGATCCAC7GAGAC.CTGGGGC 

TTGAC7GCAGCT7AACCTTGGG..A7GATAAGGGXT7r.7G7TGAG7A^GCATCGATTACXGACX7AAC.::TCA..TG. 
A«AAAAAGAAAAAAAGA...CA.CA^GCCAAACCA.GGGGCTGGTGAGATGGCTCAGTGGGTAA^^^ 

TCTTCCGA.GGTCCAGAG77CAA.TCCCAGCAACCACA-GGTGGOrcACAACCA7CrGTA.ACGAGA7ATGATG.CCTC7. 
CTGGTGTG7C7GAAGACAGCTACAG7GTACrrACATA7A.TA.A7AAA7CT7AAAAAA.A^^ 

CCGAGCAAACCAGGCCCCCAA.CAGAAGGCAGGCACGA.GGCAGGCACCACGAGCCATCCTGTGAAAAGGC.GGGCr.C. 
CArGGGCC3AGGAGGGTCCAGAGA=ArAG3CTGGT^..7CAGTTTC7CTGTATACCC7T7TTCrrGT7GACACT..TTC 
AATTACAGATAAAATAAC.AATA.ACA^7C7AGAGC=7GGCCACTCTCTGCrcGCTTGAT77rTCC7GT7ACGTC..G 
CAGGTGGCGGAAGT37TCC.AGGA.AGATCGCA7CA7T^GGTGGCCAGCATAA7C7CCCA7CAGCAGGTGGrGCTGTG. 
CA.CCATTAXGGTGCTCACAGAA77CCGGGCCCAGCA3CT3CCCTC7CCCAAG7CTGGAGCAATAGGA..GCT7TCT0G^ 
CCAGACAGGGTTAACAGTCCACA7TCCAGAGCAGGGG..AAAGGAGACTGGAGGTCACAGACA^GGGCCAGCrTCTn.c 
AACTTCAaAGCTCTGGTAGGAGAGATAGATCACCCCCAA.CAATGGCCACAGCT^--TrT-GTrTCCCCC-n»,-G>^^<>"T 

.«.,TATCAGA>.Tv.CCCTTCCTGAGGGGA-?TCTGTCTGCCTTGTA.A=.GCTGTCAGAGCAGC7GCATTG!'T 

■GGG7GACAGAACATGAAAAGGAGGACCCAGGCAGA7CGCCACAGATGGACCGGCCACTTACA.GTCGAGG.AGG7G 
:AGAGCCTTGCAGAA.G=TCTG=AGGTGGACGACAC7C.A77CAT7ACCCAGTTAGCA7ACCACAGC^^^^^^^^^^ 

ACAGCCTCCTTCCCAGTCTTCCTCCAGGGCTGGGGi^GT-'-Trr'Dnr-^-'T^^^- 

uoc ^"^-AGT^.TCCA^.CCTTCTGTCTCAGTGCAGCTTCCGCC^iGCCr'CTCr 

TCCTTTTGCACCTCA3GTG7GA..CCCXCCC7CCTCrcCT7CTCCCTGTGGCATGGCCC7CC7GCTAC^^ 
TTGGATT7C7TTGTGC77AGATAGACCTGAGATGGC777CTGA^7TA7A7A7A7A7ATCCAXCCC77CGA7C^ 

..0CACCCAGAGC7G7TTGTGATACCA7AA.GAGGCTGGGGAGATGATATGGTAA.GAGTGCrTGCTGr.^^^^^^^^^^ 
.TCAGT7Ca.ATCCCCAGC..ACCA7G7GGA.^^^^^^^^^^^^^^ 

CGGCT7ACrGGCCAGC7AGCCAGCC7A..CC7A...7GTCTCAGTCAGAGA7C^^^^^^^ 
CTGAG.A..GACACCTCCTCAGG7C7CCCATGCACC^^^^^^^^^^^^ 
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(.cacacca-ctat^.c;tc-catgagttccctc.c;ct..ac;a..tcacat^t-tc.c;a^ccca^ 
tg<;ggtc^.tgggattccttt™catccttccca^c.=ct^c..tcatac-tca-ac;-c.,c,tc=c7tc.cacac.ca...c 

5 =^=^^^^C<:TA.GTTAC;A.TCCCCAGA.TCT.CCCCC.^ACCCCCCA^^ac:CATCC~TCT3CCrCTC;^.T...T..... 

ga.caa.c.ccttta.cta..accattagc7gc;cac..^.taacaaat^acctt3c.ctac.a...aatttc.c;tcaao<:t..c=at 

TC=G;CCTTCT.TAGAAGCCCCACTTC;TTTCCTT7C;TTA^a-G..CCCACAGTTTGrTTTGA.-ATC:CCTC.AGOC;C.CCC:^.. 
...ACCCAC;A-AATTAAAA.CCA^C.CTCATTTT.ATAr.T^A^CCACA^C:CT.ACTC=CCr 
C;A.ACCT..CT.TC;rcCCT.CCTCACC«CC;cCCC3.CCCCCAACA::ACACTCCTCC;c:.TCA.^ 
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ACCCC..T^A..A^OA3G.T.Aa.AAACAT..GACCA3CCCTaCTCCA.CCC3TCCTTATTG.rTC;.CATGA.^^^^^ 

GGGCTTT^AAGGCAACCGTATCTAGGCTGGACArTGGAGCCTGT..CTACCGAGT-CCCTC:TCCACCTG^.CAGcATC=c: 
AGCCCTl\ACTAGCCCCGTGCCTCATCTGCCTACTTG7.3CACGCTGCCT-^.~T-TGrTC" j,.-..^. 

77CAGGAATGA7GCCACAGAGGTCATCCCAGGGCr7GGAGAGTACCCCGAGCCTCCTCCTGA..^<:Alcclll^^^^ 

CCGGG=GGAGA.TGGAGGCAGACCTCCCCACCATCCC7ATGACGCCAAAGG7ACGGGArGAAG...AGCACA77AGTGGGGG 

GGGoGGTCCTooGAGGTGACTGGGGTGGTTTTAGCATCTTCTTC.:! 

GG :. -C AGGG AC ACATTTGCCTCv,, -.-J " HT « CT GC a C :i - " - t^T i - a n r -t - 

** " "'C^oGGGCTGGT AG AG AG C 
■.CGGGCATGGGCTTGTATGATGGTCCAGAGA^^.TC 

GGGG.Aa.GTGATATGGTGAGGCTGGATGCCAGATG 
CCA7CCATGGC7GrACTATATCCCACA7GACCACCACATGAGGTAA.^^^^^^^^^^^ 

GGC7CCTGAGA7A...AGTCACC7GGGAGTA^GAA.GAGC7GAGACTGGAA.GCTGGTr7GATCCAGA7GCAAr,GCAACCC^^^^^^ 

ATTGGGT77GGG7GGGA..CCTGA.nGCCAGGAGGAA.TCCCTT7AGTTCCCCC7TGCCCAGGGTCTGC7C.^A7GAGCCCAGn 
GGG77AGCAT7AAA.AGA.ACAGGGTTTG7AGa7GGCA7G7GACATGAGGGGCAGC7GAGTG;..^^^^ 

CAGG7GGCACCACTTCCCC7GAGCTTGCACCC7GACCCCAGCTT7GCCTCA-r7CC7GAGGACAGCAGAAA.C7G7GG^GG^ 
AGAGCC.X,CACAGAGAGA7GCC7GGGG7GG=GGTGGGGG7ATCACGCACGGAA^^^^^^^ 

CAGC7GGAGGGACACTCCAGAGA.AA7GACC7TGC7GG7CACCATT7GTGTGGGAGGAC^^^^^^^ 

CACATGCTG7CCC7CCTGTC7CCTAGCCAG7A.AGGGATG7GGAGGAA.AGGGCCACCC^^^^^^^^^^ 

=G7T77TGCAGAGGA.AGTGC77GACCTA..GGGCACTA77C7TGGAA.GCCCCA.A^ACTAG7CC77CCCTGGGCAAACAGG 

CTCC^CC. .C •'^•'^*=*^---'rCTo^AooGuTv.AGTAAi'TTA^.GCCAGCC^^ 

GT7G7GCCCCCCCCCCCCCCGTGA.AGGTGCA7CCTGGCCTCTGCCCC7CTGCCTT7GGTAC7GGGATTTTTTT77TCCT7 
TTATGTCATA7TGATCCTGACACCATGG.AACT7TTGGAGGTAGACAGGACCCACACA7GGAT7AGTTA.»AAGCC7CCCAT 
CCA7C7A.GCTCATGGTAGGAGATAGAGCATG7CCAAGAGAGGAGGGCAGGCATCAGACCTAGAAGATA^ 
CCAA.CCCA.A-CTCCTTCCCCGGAGAACAGACTC7AAGTCAGATCCAGCCACCCT7GAGTAA.CCAGC7CAA.GGTACAC^^^^^^^ 

ACAAGAaAGTCTGG7ATACAGCAGGTGCTAAACAA.A7GC77GTGG7AGCA.^AAGCTA7AGCTT7TGGGTCAGAAC^^ 
CCCAAGTCGCGAG7GA..GAGCGA.AA.GGCCCTCTACTCGCCACCGCCCCGC^^^^^^^^^ 

IGCAacCAGCCCAGCCCTGCC 



TCACCCTTC 
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CTCrAC-CCTTTCrrCATCTCCTGG^ATACCGCCCCTGTCCCHGTGI^CTC^GT 



T..ACCTGTGA-AATGAGG...s:-TG.AC.CGrCGC.rTTOGTCGrTrT.A..-.T 
CCACAGCAGC7GTCCTGAT7TA-rAr-TTCA^.TrA-: 

._ . ' " • •■-••-■^'•-'■-■■^■^'«c■^=..;^i.i.oC^:ACv:;c^Tv 

•o --^CCAGTGCGGCCCC GCGCGGCTGr-^G'^r-r- a i . r-, „ . ^ 

.'-.-.1 C^C.^..-ATCGCTACCGCGl^GCAGCGGGTGCAGrTGCTGTGCr'-^',-- r-v 

■^TCTGGTGGCCTCGTGCAA^TGCAAGCGCCTCACCCGCTT'r^rnr L r^c-"^ " --^r. -r. 
, - . - * - * - - -^^ - J. . o ., T*„ A^.G G ACT T CG G G C CG G AG - " ' " 



CTAoAGC=AGCCCV3C3CCTATGCAG'.XX-CCGCGCGATCCGATTCoTTTTC 

v..v.,,>.,....GTTCCCGCGGGCCAGGAa-.C4G.i.AGCTTGAGTCr--=Gi--T— .-CC 

" '•"•'-''-^^'•""'^■''GGGATGGGGGTCTTTCTA 

. -ATGGA-r^TZir'^.^'rnn.::ATrTa''-rr-^-:>n,^. 



25 CTGGC 



... „ ...v...,.-,^, . J ^•--.""-.CGAA.ii.GACCTGGG^r'7.':^, 

^-.TGGACGXACAG.AAGATCTAC.CC..CCACCCA=A.G.AAAGCC.CCG.GGGC..^^^^^ 

.-..-A.TGA...rc-ArGTTGOC-CTACGTGGTTCTCTTTTGGTACGGrCTTCT^ 

vj.- o.-.T T CCAA.GG 3. TTGGGGT»CC'''"GTG''a'n'-T 

T..-,^oCAACCGCCTAGAi^.GA^.GCTG-'TTGT'T'G-'-TCC-t-'n-^Tr"r 

- --'"-^ ''"^•-"'^'^''^^-•"•^■-■-'^TTGGCTTCCCCCA^ 

. ... . -----CAA..CCA.A.C.GGGA.AGGG..GGCCAGGG.CCGAGAGA.GG.GGAAGGGCCAGAA.XC.C...- 
CTGCCCCCCCCAACAGCAG.C.CCCGCCCCCAACXGCCXX..CA.A..G..^^^^^^ 

1 zia<^'~.':.--/'"«T'"^^^ ^ 
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' ^ i i ^ I '"-AC.A^.CAGTTTAii.GGT 

..C-_TC .CCCCAnr. t-'^^ctttagctgaccactctccacactgtctt 



3TTCCCT 
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f^3TCCA:: -T-AT -JCCATTGCTCCTrCTT r, - -CA-ACCCTT r-."-." = - . . . - t.—^- 

■ • . •- . - -•C.--T--AT r>--.3ccr-:; 

AGGTTCATGG^ACTCTTGCCTGCCCCTGA.CC7TCCAGGACrG-CCCAG.3TCTGATGTGTCCTCTCT-TT.-.....- 
CACCCCACrATT73A7TCCCAAT7CTAGA7C77CCCTTa7TCA77CCTTCACGGGATAGTGTCTCA7CTGGCCA.G~^.- 

TTTTACACCTATACAAG7aTA^^GCCTTCCAAAGCAGAGGCA.7GCCTGGCTCT7CCrTCAACA7CAGGG.-T'-^.GCT- 

TATGGGTCrC=TGCGaTAGTACATTCATA..CCC..CACTAGGGG7GTGAAAGCA.GATGATTGGGA.TTCGA0GCCA.T 

CT » C^oCTATGAGGCCCTGTCTC-.s C 



ggg7tt?-ttttc;ttttgtttttttgatttga:^ctg 

CAACAC7r™TCCAGTCAAGT3CArCT77GCGT.3AGGGG..CTCTA70.=TA.TATAAGCXT.CA7CrTGATTTCT37 

10 -'^^'^^'-■^■^■''•^'^"^''^^^^^^^ T"T-:in_ 

- i _ . K . . A-.TATC". , -TCTTTG-^.a^a^nTACCATTGAGrGCTGC^ 

GGTGTCCCTGTGGTTCCAGATTCCAGG.^^.n.GGAC^^ 

- . , o."_-u.".HTGTCTTAGAGC.-.GGAGG- 

v.oC-o 1 v., : ov. . ^^'■^••^■-•GC'GTGAGGATGGAGGCAGGCTTGCA.ATTGP.-.GCTGAG.- 
CAGGGTACTCAGGATT.W.AAGCTTCCCCC^ n nar-n n-rT-r-a ^ -a-rr-' -^^ 

• ' ^--"^ ' -•-'T''^^'J'ACTTGCACCTGTTCAGC7ATGCA 
O ^^•''■"'-^^--'■''^^^"^CATAGGTGA.AGACACCGGT . 

GTTATGGTGACCCCAGC;GGACAGTGATTCCAGAAGGAA.CACAG.a.AGAG^.-TGCTGCTK-n--CT''C' - " n 

CTCCCAOACTCTCTAACCAAACACrcCACTCACATAAAGACACAGGCTGAGCAGA^C^^ 

20 ---==----A.A.^CAAACA..CAA.CAAA.^ 

ltGTCAGGTTAGAGTTTATTTATGGA.AAGTT ATAT'T^CT ^ CCTC^ n a, « ^ ^. ^ 

' * ' ^ "''-^ -"TGGCGCCCATCAGA.AAGA-ACA 

A-ACAACAGGCTGATCTGGGAGGGGTGGTACTC-aTGGCnG--a'-car-T" 

. .v-T-,^. .v,^. .C^-T^::TGCTTGoGGTArAr,rro.-acACGGGGCTTG 



■ . .G . TGC. .u. "'■^^'^"-''-'•■.•.AGCCACAGGGTCCCCACTCTCTTTG.Dn ATGACTTGG-C 
TTGTTGCAGGG^AGACAGAGGGGTCTGCAGAGGCTTCCTGGGTGACCCAGAGCCACAGACAC^^^^^^^^^^ 
CCTGTAmAACCCTCT7CCACAGGTTCCCTG.AAAGGAGCCCACATTCCC^^^^^ 

.CACT7GGGCCTTCCCCAXTCTTGGAGTGCACCCTGGTTTCCCCA7CTGAGGGCACATGAGGT^ 

ttccaca.agtattga..aotgttcttcttt7gtttgtgat™tttaggtgtatgagt^^^^^^ 

CTGTAGCATTTACaAGCCTGGTGCCXGAGGAGATCACAA.CATGGCATCA3ATA^ 

T=AGCCACTCTGTOGaTGCrAGGA.ACAGA.CCTGGATCCTCCGGAA.GAGCAGACAGCCAGC^^^^^ 
TCACTGAGCTTCTTTCTCTGGCTA..C^^^^^^^^^^^^ 

CCTA.ACCXCAGACTACGGCAGGGTGATCCCCCAGTCACACCGATCGCCCTGTG.^^^ 
CTTA.ATA.AG.CCCAGTTTGGGGCAGGAaATATGT^^^^^ 

ACTTGTTTCTCTTTCTGGAGTTGGGGA-n GCTCCCTGCC-r rrT -t a a n ^ 

ccc I GCC . GCCT^TAAATGTGTCCATTCTTC;^.ACCTTAGACA.^GATCAC 

-CTTCA.ATT . AGrTTTr a-rt. . 
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CA.™;..CAAACA^.AA.AC^0CCAGACTC:7TT3T=CCC.TAT7^TArT.ATCATATTrTT^TCC.Trr.CC;.TTT 

3 TAAT.TC;CT.CA.TT.CACArCT.G..CT0..7..ATT.0TTA.AT..CA-...CTac:.T3TC.TTAC.AT.A::T.CA.. 

^. V. _ ..M . 1 --^-'^^ v.T..T-,,TGTACTGATGTGC A GG 7 ATGGG'JA 
CATG-A^.GCAG.A^GCCA^GGGACAGCCTTAGGGTAGTGTT7CCACAGACCCCTCCCCCCT 

T : --v., . ^^'-^-^-'•■-'TToCC.A^.CTGGGCTGGGCTGGCTAGCTTGTAGGTCCCAGGGATCTGCATATCTCTCK-CTC:':^ 

TGGGArTACAGTCATATATGAGCACACCTGGCTTTT7TATGTGGGTTCTGGGCTTTGA^CCCnG^-C-G^.-^'TTCr-- 

0 CGGTTGA:^.TGACTGCTTCATCTCCCC^^^^^^^ , . ^ 

^ ^ . - - i < T - T i , ATTTCTATT- A-A7CA= TG 

^"""^ "'^'^'•''"-•'^^^ 
ATaA.CCAGATa....TAGACC,CAS^..^^^^^^ 

.CATT..CA.AT..aCTCTTCAGCAC^rTCACC.C^^^^^^ 
5 -^=^=---C--CCT.AA.AAArG.AAaCA.TTA.C.AT.==CC.C.^7rA.CATATTA.CTCCCT.^ 

GAAGCr3GGCTC;TGGGCACTGA.G3GAGCTVT:;AATc;A7.TCACATTC:TCT<.TAT.CCTA.::A«OGCAaTATTac;AGACT 
GAGAC77GAC77GTG7GTCCA7ATGA77CCTCC7TTTCX7ACA3TCATC7GGGGC7CC7C,AGCTTC:aTCC77G7CCA.GA 
AC....:.,Av.C7v.GCA573GGCAGCTGCAGTGATAGATG7C7GCA^GAA^.GATCTGAAA=r-AGGGAGGAi.GA7GAAGGAC^ 
AGAGGACCACCGACC7CTGC7GCCTGACAA''.GCTGCAGGACCAG7CTC7CCTACAG=T.-^ 

ATGG7CAGGGGAGGAG7CAGAGAAn.GGAGAGGGTGAGGCAGAGACCA:....GGAGGGAA.C^^^^ 

C7GGCAGAGGGGAGTGC7GA..7GG7GCATGG777GGATA7GATC7GA.7G7GGTCCAGCCCTAGTT7CC77C7.GT7GCT 
GGGA7A.AGCACCCTGACCAAAGCTAC77TTTTGTTTGT77GT7T7GG777GGTT7TGTT7GG7TT7TCGAGGC.GGGTT 
7C7C7G7ATCACCC7AGC7G7CCTGGAAC7CAC7CTG7AGACCAGGC7GGCCTCGA.CTCAGAA.TCCCCC7G-^^^^ 

«wT. . .^TG^ 1 L,G. Ai '^''^'^''•^^^^^'r^CGCCACCACTGCCGGCCCAA'^.GCTACTTTA^.GAGAGAGAGAGGA^TGTATA'^.G 
7ATTA7..A7TCCAGG77ATAGT7CATTGCTGTAGA.T7GGAGTC7TCATA7TCCAGG7A-CTCCCACAGACA7GCCAC. 
.^ACAn.CCTG7TC7ACGAA.TCTCTCATGGACTCCC7TCCCCAGTA.TrC7AA.CTGT^ 

ACAG7CACAG7C7CTA.CGTTT7GGGCATGAG7C7G.-G7CTCA77GC7A.G7AC7GGGAAGA7G.V>.A.n.CTTT.n.T.GT 
C-7CAGCAT7TGGAGCAGAGCCT77GGGATTTGAGA7GG7C77TrGCAGAG.7CCTA.TGGC7ACATGGAGAGAGGGCGCC 
7GGGAG.GACCCATACACCTTT7GCTOCCT7ATG7CACC7GACC7GC7CC77GGGA.GC7C7AGC^^^^^^^^^ 




TGGG7TGTATCACTGTCA^.TGGG.AA^i.CAGACTTGCCTGGATGGAT. 
TCC7A' 



Ai^.CTTGTACATTGCATaATGTCTAG.AAaTG.W-^.G 
TGGCTT7GTCCTCCCCGAGGAGGTG 
GCGAGTAAGG7G7.».A.7G7TCA7GGA7GT..^ATGGGCCCATA7A7GAGGG7CTGGCC7A.CA.^^^^^^ 
A=.GCAC7GA.GGTATG7CTAGTCTCGAGA.GGTC.n.C7ACAGAGAGTTCTCCAACTC^^^^^^^ 

AAAAATCTGAGAGCAAGTACAGTACTTAaA 
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10 



15 



CCTCGTTC..--CTTCCTTCGAC.TC.:.CCCTCAGr^3TCTCTAGC.TGA7c;-TT..T..-.T.TT--TT. -~ 
CATATTTCCCTA.AACTGAACATCCTTATCAGTGAGCATCCTCC^a^^-C-C-nn.-^^ . 

T^r,.^.-. ■' "■-t"—Tv-'C.-.o.-x-cctct7ag;;.-.^a.acat 

TCACTATTCACT7CTACTTGGCTCATGA.-.CTTA.AGTAC=C^CAC-r...c-C..-n--n 
•^CCTT. -"o' GGGCAGGTTCCA.AGATTGGTiCTGGC.-T" t - - 

' '-"•"'^""^'^--''■G-^-'rCTAGA.^.ATCACAGC^^^^ 
T.AGA.AGGGCrAGCCTGTACnAGAC-AGAGTTCCACACCTTCCAGGA.ACACTGAGCAGGGGGC-GCX-- r 
CCCAAGA.=^.A=TAGTGCGTTTCCTGTATGCATGCCTCTCAGAG=TTCC.T.»c.~r-xZZ " ■^"''"'"^ ' 

ATCCAGAC::..-..~c-GG--.GTT -• - ' <^TGCCTTCTGCCATAAGATCTCCTGC 

• - — - -''■'^'^-"-"'■'^^CTGCCTGAGTCTCTCCCACAGGCCCCTTCTTGCCTGGCAGTATTTTT-TA 

C^T-rr-r-r-n.- ' ''''■'^'<'°""^-°-"-°-^<5<^TGGAGGGCTACTGAGATGGCTCTAGGGGTAAA 

TG. -^^A-ACATCTGT.A^CTCCTAGTACTGGGCCTCAGGGGCAGA 
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AGGATATCTGATATTGACTTCT,::GCC.^CAC:.r'L^-"'^T-'r. ^.^^^ 

. . , o .y.. A . . .^T>.C-TTGC.A-..:::CCTTTTC:CA-T - 

.CCAGAGTCAGAGTTT.CAA.TGTTT3TC;GACTCAAT.C^^^^^ 



CTAGCAGCACTGGCTTCGGCCAGC73CTCATT( 



rCATCACGGGGATGGGGGAGCAG:^::CC: 



10 



15 



20 



25 



30 



35 



CCTAGAACACC^^^^ 

CAo . .._T.T . oCGGTGTTAGGT-AT TTCTGTGTC7 ::CAG AAA^CAGTGCAAC^rTGGA 

7TT7TCA77CAGGCAACTAGA7TCCG7GGTACAAAA::GCT-CTGGGGA-GAGGCCGGGA::^^^^ 

CTATT7CCGTCTGTCAAC7TCTC7AA7CT."TTGaT--''-T''r-'r-"r-' , 

' - ^ -TTTCCTTCCTT'rTTGCTGGGGCrCAGT.-.'^ . 

GTCTG7GTACTCACAGGGAGG AGGG7GGCAAi^GCCC7 ::^GT—-rr^T l — , , 

. »_v,,^,v-.'j:. A',i-.iv.,.tooAAGCTGT?GG 

T«ACTTTTrcccCTTTCTCTTTTTCT...™c..,C.C^TTT..3.r...T...TCrc:CTC.T.C.C...T.C.C..^ 
ATTCAT.-.GGGACTTATCCACO-rc.-; — r-T,-5T.-iiT , - 

>^ I -. . .T-. . : A.^.v,T.-.'>..r-.-. :.-.=...:;tca.aattt.aw.ggg.^acgt~t-tt'~ •- 

.^-.=.ATGTGGCTGGACCGTGTGCCGGCACG...AACCAG3r.ATGGCGGTCT.A.AGr7ACATr.^ ' 

_G .CTAol,,., . -CCTTCAGG.AAAaGATTCCAC7TCCGGT 

TTAGTTAGCTTCCACC7GGTCCCT7A7CCGC7GTC7CTG^-CCncTa.^-r.",-^T--Trrn'rr^.^---^-. 

. ^ .V, : ■-•-T-„.-TCCA7CCGGTTTCCGCCCTCATCC-CC 

TTGCCCTT7TAG7TCCTAGA-A.GCAGGACCGT2'G'^™'- — n — . " 

. '^-■'To^.L-,C-..ATTGGTCACTCCGCTACCAC7G7TACCA7G 

GCCACCA^^.GGTG7CATTT.AA:^TATGAGCTCnrTr,LC-'---'r-r'r'----r'---^^^ 

^ c. .„T_. ^CGou,AT.,GC77GGTTGGTAA.7ATGCTTGC7GCAAAnTCG 
TGAG.A^i.CTGGAGTTCii liT'TCr'Ci'-'"- -a— z»T-Ta— r^-r- 

" . I o I . . . . : -v.Av.,cacctggaa.ggcagggagc;agagat7tta=^ ^^g-tc— 

CAAATACATACATAAAAAAATAA..ACATACACACA.ACA.ACATACACC^;;.^^^^ 

GCXC..C.CACCCCCACTAAGGCTTCA.ACT.C.XC.A.rTCV.CAXCTTGACTCC.C.G.AC.rTGCA.GCC^^ 
CA..GGCT.TXCTTrAA..TCTCCGrCATTCA.A.AA^^^ 

GATA.n..CACACACACTAC..A.GTCACCGTGGGA^^^^^^^^ 

Aa.GTAGTCCAACCTCTCTGGTGCTGTA.-CCTGGar--> CTTrnrr 

w i 1 c. 'CCAC-GCTCCTCCATGCTACCCAGCCCTGCAii acc 

.TCAGCCTAGCCrCTOG.TC.CCA..CCAOCACAC.GCCCAGrCTGGC..CTATGTC^^^^^^^^^^^ 

T.TCCCTCCTGA.ATCTACCACCrTC...CTCCCTTC.CCTGACC.CTA.A.GVCTTGGTCA^^^^^ 
TGA^GCAGTTTGGGGTACCTCAGAGTCAGCAGGGGAG 
CCGGATTCTGACAOGCAGTTCCGA.AGCraAGTCCAGa^.GCTGA.^ 
CCrACCACATCACCTGOCCCTGACTGAGCrc.GTC.GGGTGGCA^^ 

0TCCTGCT0=TGGTG3TGGTGGTGCTaGrGTGTGTGTGTGTTTTCTGCTTTrACA.A:..ACTTTTCTA.AT 
C-ACA...CTGCCTCAXATAC-GCAG..AGATGACrTAT^^^^^^^^^ 

.tagttacxgtc...acta.™a.^ 

ATGTAX™.W..ATTCCCCAGTCCTT^^^^^^^^^^^^ 

CGGAGTGTGGAG7CCTGCCAATGGTCTGGACAG..AGCArcCAGAGAGGGTCCA.AGACAX«.Tr,rcx.c-oc^^^^..---.^ 
ACTGGCAGCCCTGATGAGGTACCAGACATTOCTA..GTGGAGGA^^^^^^^^^^ 
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CCCCACCCCCTGTCTGGCACCAGCTC.AAGCTCTGTGATTCTACACATCCA 
5 ACCTCTTCTGGACCATCAGGTGAGAGTGTGGCAAGCCCT. 



CCACATC7GCC 
.AA£^,GAGGA,:i.GAGTAGCCTACTGGoCATGCC 
TAGGATGCrC 

ATTTTAGG^ATAAGGATTATGCCCGCCCGGGGTTGGCCAGCACCCCAGCAGCCTGTGC 

.AAGTATGTATGCATCTGT 



TTr^CGTA.AAAGCA-AGTGCTGTT' 

TTCATGTATCTGA.AAAGCGACACA.acCATTTTTCAC; 

TTGAGACAGGGTTTCTCTGTGTAGTCCTGGCTGTCCTGGAACTCACTTTGTJ 
10 '^^■^•--•-ATTA.i^.AGGTGTGTGCCACCACGCCCGGCrCTA.nccCC- 



ATCATGGCATCTTCCTAACCCCCA-TCTTTTTTGTTT- 



CATTCTTA.ATGGTGATCCAGTGGTTGA.Ai 



ATTTCGGGCC 



ACACACATGTCCArTAGGGATTAGCTGCTGTC.TCTGAGCTACCTGGTAC.ATCTTTATCCCCTGG^ 

ATC.CTGACTCGGGCCCGATCAAGTCCAGTTCCTGGGCCCGATC-GTCCAGTTCCTC 
AGCTCGATTAGCTCA7CCTGGCTCCCTGGCCTGT1 



rou,GCCCGA.-.CA.AGTCCAGTCCCT 
rrCTTCCCCT7GCTCTGGACTTG7TGCTTT-'"^^Tii 

1 5 AGTCACCACACC' 



rCTCTGGAGGTGTGTGGACACATGTTCATGCGTGTGGTTGCGCTTACGTACGTGTGC 



Sec^ence ID Mo. 18: „^ Beer Geno.>ic Sec^ence (This ,ene has two 
positions 161-427 abd 3186-5219) . 



exons , at 



20 



35 



tagaggagaa gtctttgggg aqaatttact r^rT^r.^=.^-, 

yyyy cigggcccgct ctgagcacac ccctttccct ccctccgggg 60 

ctgagggaaa catgggacca gccczacccc aar-o^rrt-^^.- 

y ^^^gcccc agcctgtcct cattggctgg catgaagcag 120 

25 agaggggctt taaaaaggcg accgtgtctc ggctggagac cagagcctgt gccactggaa 180 
ggtggcgtgc cctcctctgg ctggtaccac gcagctccca c.ggccctgt gtctcgtccg 240 
cctgctggta cacacagcct tccgtgtagt ggagggccag gggtggcagg cgttcaagaa 300 
tgatgccacg gaaatcatcc ccgagctcgg agagtacccc gagcccccac cggagctgga 360 
gaacaacaag accatgaacc gggcggagaa cggagggcgg cctccccacc acccctttga 420 
gaccaaaggt atggggcgga ggagagaatt cttagtaaaa gatcctgggg aggt.ccaga 480 
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«ct.c.c„ tggg.gget. g5.,gacte3 ggt.g.c^c. 9Cg..g.ctg c.ggcctc.g 540 
c=,3c.„gg tcg,gga,ca g.ctcgcc.g g.gg^ggg, „5.„gg„ cgc.ggtgca eoo 
5 gcc„ca... „.gg„e.g .ggc.cg.gg c.ac.gacec cgg.gagagc ccagggc.gg s.o 
..ggacgcg gggcggtgag ggtaeggc. cagggcatc, ga.c.ggc.c .gggg„c,g ,30 

aaaagaaaag gtttcaaaga atctcctccr aao^^^^^ 
,0 ^cctccc gggaatatag gagccacgtc cagctgctgg 780 

taccactggg aagggaacaa ggtaagggaa cct crr^rr-^ 

gggag cctcccatcc acagaacagc acctgcgggg 84 0 

caccggacac tctatgctqa taaraanrm- r-r.^ 

5 gg tggtggctgt ccccaccaca cagacccaca tcatggaatc 900 

15 cccaggaggc gaacccccag ctcgaagggq aaaaa^n^^r. 

y gggg aagaaacagg ttccaggcac tcagtaactt 960 

ggtagtgaga agagctgagg tgtgaacctg gtttaatcr^ ^r^rr. 

y gttngatcca actgcaagat agccctggtg i 



020 



20 



tgtggggggg tgtgggggac agatctccac aaagcagtgg 



ggaggaaggc cagagaggca 108 0 



25 



cccctgcagt gcge.ttgcc ca.ggcctg. ccaggg.get ggcacttga. ggaatgggag i»o 
ct.tcggcac ag„„,g„ ^^^^^^^^^^ ^^^^^^^^^^ ^^^^ 

.gcagca.c= tctgngcagg ag.agggac. tc.g.ec.ca gcagccaccc cagcccc.ae 1..0 
cttgcccat .ccaggggag gg,g„,,„ ^^^^^^^^^^ ^^^^^^^^^^ ^^^^ 

•cagagaagc ccagg.gaca g.g.gcatet ggccctat.a ttggcaggaa .e.tg.ggec „eo 

atgggggcgt ccgaaacgac acttcaaact flar,^,^^..^ 

nccagact aagagcttcc ctgtcctctg gccattatcc 1440 

aggtggcaga gaagtccact qcccaaaorr- r-^ = 

gcccaggctc ctggacccca gccctccccg cctcacaacc 1500 

35 tgttgggacc atggggtgct aaaaagggca actqcataaa .nr^ 

say^a accgcatggg aggccagcca ggaccctccg 1560 



30 
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tcttcaaaat ggaggacaag ggcgcctccc 
tgggctccag cgactgcctg aagggctgta 
5 tggactccca cgagaggcca cagcccctga 
tctgcagagg aagtgcctgg cctaggggcg 
tccctgggca aatgcccccc tgaccacaca 

10 

aaaccagccc acagaccaga aagcagcccc 
tgtgcttgct cttcagagtg ggggtggggg 
15 tcttaagact atttttcatt ctttcttgtc 
gggtggactg gtactcacac gacgaccagc 
accataggag acatggtcaa ggtgtgtgca 

20 

tctgcctgcc cagggagtat caccatgagg 
gtgcccagca gagagccagg tcaatgtttg 
25 agctcagggc ccctatggta ggaaagtaac 
cccagcccag cctcccatgg atgctcgaac 
ggtgctggga ccccagggaa gtggagtccg 

30 

ttttctctgg ctgggcctca gtattctcat 
tgattccttt caagtctaat gaattcccgt 
35 ccacagcagc tgccctgatt tattaccttc 
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cccacagctc cccttctagg caaggccagc 1620 
aggaacccaa acacaaaatg tccaccttgc 1680 
ggaagccaca tgctcaaaac aaagtcacga 1740 
ctattctcga aaagccgcaa aatgccccct 1800 
cacattccag ccctgcagag gtgaggatgc 1860 
agacgatggc agtggccaca tctcccctgc 1920 
gtggccttct ctgtcccctc tctggtttgg 1980 
acattggaac tatccccatg aaacctctgg 2040 
tatttaaaaa gctcccaccc atctaagtcc 2100 
ggggatcagg ccaggcctcg gagcccaatc 2160 
cgcccattca gataacacag aacaagaaat 2220 
tggcagctga acctgtaggt tttgggtcag 2280 
gacagtaaaa agcagccctc agctccatcc 2340 
gcagagcccc cactcttgcc ggagccaaaa 24 00 
gagatgcagc ccagcctttt gggcaagttc 2460 
tgataatgag ggggttggac acactgcctt 2520 
cctgatcacc tccccttcag tccctcgcct 2580 
aattaacctc tactccttcc nccatcccct 2640 
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gtccacccct cccaagtggc 
tgtgctgagt acttaccctg 
5 ataagaagac cccagaagag 
atatgtgcca aatggtattt 
ggcggcccat tttgcagaca 

10 

ctgcagtgag cgatggagcc 
cagggcgcgc aggagagctt 
15 tgttcagggg caaaagcctc 
gacgggccgg tccagggcag 
ccacagacgt gtccgagtac 

20 

ggccgtgccg cagcgccaag 
cgcgcctgct gcccaacgcc 
25 tccgctgcat ccccgaccgc 
aggcgccgcg cgcgcgcaag 
gcttccacaa ccagtcggag 

30 

gccggaagcc gcggccccgc 
cctactagag cccgcccgcg 
35 cccacatttc tgtcctctgc 



90 

tggaaaagga atttgggaga 
cccaggccag ggaccctgcg 
aaatgataat aataatacat 
tctgcattgc gtgtgtaatg 
ggaagaagag agaggttaag 
ctggtgtttg aaccccagca 
tccaccagct ctagagcatc 
tggagacagg cttggcaaaa 
gggtggccag gcgggcggcc 
agctgccgcg agctgcactt 
ccggtcaccg agctggtgtg 
atcggccgcg gcaagtggtg 
taccgcgcgc agcgcgtgca 
gtgcgcctgg tggcctcgtg 
ctcaaggact tcgggaccga 
gcccggagcg ccaaagccaa 
cccctcccca ccggcgggcg 
gcgtggtttg attgtttata 
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agccagagcc aggcagaagg 27 00 
gcacaagtgt ggcttaaatc 2760 
aacagccgac gctttcagct 2820 
gattaactcg caatgcttgg 2880 
gaacttgccc aagatgacac 2940 
gtcatttggc tccgagggga 3 000 
tgggaccttc ctgcaataga 3060 
gcagggctgg ggtggagaga 3120 
accctcacgc gcgcctctct 3180 
cacccgctac gtgaccgatg 3240 
ctccggccag tgcggcccgg 3 3 00 
gcgacctagt gggcccgact 3360 
gctgctgtgt cccggtggtg 3420 
caagtgcaag cgcctcaccc 3480 
ggccgctcgg ccgcagaagg 3 54 0 
ccaggccgag ctggagaacg 3 6 00 
ccccggccct gaacccgcgc 3660 
tttcanngta aatgcctgca 3720 
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acccagggca gggggctgag accttccagg 
cccctcagcc cgccagctga ggggtcccac 
5 caccgagcca cgcagccccg cctctggggc 
aggcagaaat ggaagcactt tcaccgccct 
aaagtccagg gactggttaa gaaagttgga 

10 

cagaaagcct gaggcgtgcc cagagcacaa 
gtcctggctc tgccactaac ttgctgtgta 
15 ctcaatttcc actttgtaaa atgagggtgg 
ggcatatgat tccaaggact ccagtgcctt 
gaaagagaga gaatgaatgc agttgcattg 

20 

gagttgtgat gctctcttct gacagccaaa 
agagtccatt tatggctgac atatttacgg 
25 ttcccagcct ggcttccccg gatgtttggc 
catcatccat tggggtagaa aaggagaggg 
atccgcccca acttcccaaa gagcagcatc 

30 

tcaccttccg aagagaagtg aaaggttcaa 
gccatcacaa actcacagac cagcacatcc 
35 cacggacaca tttctgccta gaaaacagct 



PCT/US99/27990 

91 

ccctgaggaa tcccgggcgc cggcaaggcc 3 78 0 
ggggcagggg agggaattga gagtcacaga 384 0 
cgcctacctt tgctggtccc acttcagagg 3900 
ggggttttaa gggagcggtg tgggagtggg 3960 
taagattccc ccttgcacct cgccgcccat 4020 
gactgggggc aactgtagat gtggtttcta 4080 
accttgaact acacaattct ccttcgggac 4140 
aggtgggaat aggatctcga ggagactatt 4200 
ttgaatgggc agaggtgaga gagagagaga 426 0 
attcagtgcc aaggtcactt ccagaattca 4320 
gatgaaaaac aaacagaaaa aaaaaagtaa 4380 
ctgacaaact cctggaagaa gctatgctgc 444 0 
tacctccacc cctccatctc aaagaaataa 4500 
tccgagggtg gtgggaggga tagaaatcac 4 56 0 
cctcccccga cccatagcca tgttttaaag 4620 
ggacactggc cttgcaggcc cgagggagca 4680 
cttttgagac accgccttct gcccaccact 4740 
tcttactgct cttacatgtg atggcatatc 4800 
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ttacactaaa agaatattat cgggggaaaa actacaagcg ctgtacatac gctgagaaac 4860 
tgcagagcat aatagctgcc acccaaaaat cttcttgaaa atcatttcca gacaacctct 4920 
5 tactttccgc gtagttttca attgttaaaa aaaaaaagtt ttaaacagaa gcacatgaca 4980 
catgaaagcc tgcaggactg gtcgtttctt tggcaactct tccacgtggg acttgtccac 5040 
aagaatgaaa gtagtggttt ttaaagagtt aagttacata tttattttct cacttaagct 5X00 

10 

atttatgcaa aagtttttcc tgtagagaat gacaatgtta atattgcttc atgaattaac 5160 
agtctgttct tccagagtcc agagacattg ttaataaaga caatgaatca tgaccgaaag 5220 
5 gatgtggtct cattttgtca accacacatg acgtcatttc tgtcaaagtt gacacccctc 5280 
tcttggtcac tagagctcca accttggaca caccttcgac tgctctctgg tggcccttgt 5340 
ggcaattatg tcttcctttg aaaagtcatg tttatccctt cctttccaaa cccagaccgc 5400 
atttcttcac ccagggcatg gtaataacct cagccttgta tccttttagc agcctcccct 5460 
ccatgctggc tcccaaaatg ctgttctcat tgcatcactc ccctgctcaa aagccttcca 5520 
cagctccccc ttgcccagga tcaagtgcag ttcccctatc tgacacggga ggccttctct 5580 
gcctgactcc cacctcccac tccaccaagc ttcctactga ctccaaatgg tcatgcagat 5640 
ccctgccccc ttagtttgcc atccacactt agcaccccca ataactaatc ccccttcttt 5700 
aggattcaca ttacttgtca tctcttcccc taaccttcca gagatgttcc aatctcccat 5760 
gatccctctc tcctctgagg ttccagcccc ttttgtccac accactactt tggttcctaa 5820 
ttctgttttc catttgacag tcattcatgg aggaccagcc tggccaagtc ccgcttagta 5880 
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ctggcacaga caacacaaag ccaagtacaa ttcaggacca gctcacagga aacttcatct 5940 
tcttcgaagc gtggatttga tgcctcctgg gtagaaatgt aggatcttca aaagtgggcc 6000 
5 agcctcctgc acttctctca aagtctcgcc tccccaaggt gtcttaatag tgctggatgc 6060 
tagctgagtt agcatcttca gatgaagagt aaccctaaag ttactctcca gttgccctaa 6120 
ggtgggatgg tcaactggaa agctttaaat taagrccagc ctaccttggg ggaacccacc 6180 

10 

cccacaaaga aagctgaggt ccctcctgat gacttgtcag tttaactacc aataacccac 6240 
ttgaattaat catcatcatc aagtctttga taggtgtgag tgggtatcag tggccggtcc 6300 
15 cttcctgggg ctccagcccc cgaggaggcc tcagtgagcc cctgcagaaa atccatgcat 6360 
catgagtgtc tcagggccca gaatatgaga gcaggtagga aacagagaca tcttccatcc 6420 
ctgagaggca gtgcggtcca gtgggtgggg acacgggctc tgggtcaggt ctgtgttgtt 6480 

20 

tgtttgtctg ttttgagaca gagtctcgct ctattgccca ggctggagtg cagtgtcaca 6540 
acctcggctt actgcaactt ctgccttccc ggattcaagt gattctcctg cctcagcctc 6600 
25 cagagtagct gggattacag gtgcgtgcca ccacgcctgg ctaatttttg tatttttgat 6660 
agagacgggg tttcaccatg ttggccaggc tagtctcgaa ctcttgacct caagtgaccc 6720 
gcctgcctcg gcctcccaaa gtgctgggat tacaggcgtg agccaccaca cccagcccca 6780 

30 

ggttggtgtt tgaatctgag gagactgaag caccaagggg ttaaatgttt tgcccacagc 6840 
catacttggg ctcagttcct tgccctaccc ctcacttgag ctgcttagaa cctggtgggc 6900 
35 acatgggcaa taaccaggcc acactgtttt gtaccaagtg ttatgggaat ccaagatagg 5960 
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agtaatttgc tctgtggagg ggargaggga tagtggttag ggaaagcttc acaaagtggg 7020 
tgttgcttag agattttcca ggtggagaag ggggcttcta ggcagaaggc atagcccaag 7080 
caaagactgc aagtgcacgg ctgctcatgg gtagaagaga acccaccatt ccccaacatg 7140 
taccgagtcc ttgccatgtg caaggcaaca tgggggtacc aggaattcca agcaatgtcc 7200 
aaacctaggg tctgctttct gggacctgaa gatacaggat ggatcagccc aggctgcaat 7260 
cccattacca cgagggggaa aaaaacctga aggctaaatt gtaggtcggg ttagaggtta 7320 
tttatggaaa gttatattct acctacatgg ggtctataag cctggcgcca atcagaaaag 7380 
gaacaaacaa cagacctagc tgggaggggc agcattttgt tgtagggggc ggggcacatg 7440 
ttctgggggt acagccagac tcagggcttg tatcaatagt ctgagagcaa gacagacaga 7500 
gggatagaag gaaataggtc cctttctctc tctctctctc tctctctctc actctctctc 7560 
tctctcacac acacacacag acacacacac acgctctgta ggggtctact tatgctccaa 7620 
gtacaaatca ggccacattt acacaaggag gtaaaggaaa agaacgttgg aggagccaca 7680 
ggaccccaaa attccctgtt ttccttgaat caggcaggac ttacgcagct gggagggtgg 7740 
agagcctgca gaagccacct gcgagtaagc caagttcaga gtcacagaca ccaaaagctg 7800 
gtgccatgtc ccacacccgc ccacctccca cctgctcctt gacacagccc tgtgctccac 7860 
aacccggctc ccagatcatt gattatagct ccggggcctg caccgtcctt cctgccacat 7920 
ccccacccca ttcttggaac crgccctctg tcttctccct tgtccaaggg caggcaaggg 7980 
ctcagctatt gggcagcttt gaccaacagc tgaggcccct rrcgtggctg gagacgcagg 8040 
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aggcagggga acactcctct tagtcaatgc gaccatgtgc ctggtttgcc cagggcggtc 8100 
tcgtttacac ctgtaggcca agcgtaatta ttaacagctc ccacttctac tctaaaaaat 8160 
5 gacccaatct gggcagtaaa tratatggtg cccatgctac taagagctgc aacttgccgg 8220 
gcgtggcggc tcacacctgt aatcccagta ctttgggacg ccaaggcggg tggaccacct 8280 
gaggtcacga gttagagact ggcctggcca gcatggcaaa accccatctt taccaaaaat 8340 

10 

acaaaaatta gcaaggcacg gtggcatgca cctgtaatcc caggtactcg ggaggctgag 8400 
acaggagaat ggcttgaacc caggaggcag aggttgcagt gagccaagat tgtgccactg 8460 
15 ccctccagcc ctggcaacag agcaagactt catctcaaaa gaaaaaggat actgtcaatc 8520 
actgcaggaa gaacccaggt aatgaatgag gagaagagag gggctgagtc accatagtgg 8580 
cagcaccgac tcctgcagga aaggcgagac actgggtcat gggtactgaa gggtgccctg 8 64 0 

20 

aatgacgttc tgctttagag accgaacctg agccctgaaa gtgcatgcct gttcacgggt 8700 
gagagactaa attcatcatt ccttggcagg tactgaatcc tttcttacgg ctgccctcca 8760 
25 atgcccaatt tccctacaat tgtctggggt gcctaagctt ctgcccacca agagggccag 8820 
agctggcagc gagcagctgc aggtaggaga gataggtacc cataagggag gtgggaaaga 8880 
gagatggaag gagaggggng cagagcacac acctcccctg cctgacaacc tcctgagggc 8940 

30 

tggtcatgcc agcagattta aggcggaggc aggggagatg gggcgggaga ggaagtgaaa 9000 
aaggagaggg tggggatgga gaggaagaga gggtgatcat tcattcattc cattgctact 9060 
35 gactggatgc cagctgtgag ccaggcacca ccctagctct gggcatgtgg ttgtaatctt 9120 
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ggagcctcat ggagctcaca gggagtgccg gcaaggagat ggataatgga cggataacaa 9180 
ataaacactc agtacaatgt ccgggaatgg aaagttctcg aaagaaaaac aaagctggtg 9240 
5 agcatataga cagccctgaa ggcggccagg ccaggcattt ctgaggaggc ggcatttgag 9300 



9301 



10 



From the foregoing, it will be appreciated that, although specific 
embodiments of the mvention have been described herein for purposes of illustration 

various modifications may be made without deviatina fr^^ ♦k. . .. * 

- o j>piiit aiiu scupc or ine 

invention. Accordingly, the invention is not limited except as by the appended claims. 
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CLAIMS 

We claim: 

1. An isolated nucleic acid molecule selected from the group 

consisting of: 

5 (a) an isolated nucleic acid molecule comprising sequence ID Nos., 

1, 5, 9, 1 1, 13, or, 15, or complementary sequence thereof; 

(b) an isolated nucleic acid molecule that specifically hybridizes to 
the nucleic acid molecule of (a) under conditions of high stringency; and 

(c) an isolated nucleic acid that encodes a TGF-beta binding-protein 
10 according to (a) or (b). 

2. The isolated nucleic acid molecule according to claim 1 wherein 
said nucleic acid molecule encodes a protein comprising the protein of Sequence ID 
NO. 2. 

3. The isolated nucleic acid molecule according to claim 1 wherein 
15 said nucleic acid molecule encodes a protein comprising the protein of Sequence ID 

NO. 6. 

4. The isolated nucleic acid molecule according to claim 1 wherein 
said nucleic acid molecule encodes a protein comprising the protein of Sequence ID 
NO. 10. 

^ '^^^ isolated nucleic acid molecule according to claim 1 wherein 
said nucleic acid molecule encodes a protein comprising the protein of Sequence ID 
NO. 12. 

6. The isolated nucleic acid molecule according to claim 1 wherein 
said nucleic acid molecule encodes a protein comprising the protein of Sequence ID 

25 NO. 14. 

7. The isolated nucleic acid molecule according to claim 1 wherein 
said nucleic acid molecule encodes a protein comprising the protein of Sequence ID 
NO. 16. 
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8. 



An expression vector, comprising a promoter operably linked 



a nucleic acid molecule according to any one of claims 1 to 7 



to 



9. The expression vector according to claim 8 wherein said 
promoter is selected from the group consisting of CMV I-E promoter, SV40 early 

5 promoter and MuLV LTR. 

10. The expression vector according to claim 8 wherein said 
promoter is a tissue-specific promoter. 

n . A method of producing a TGF-beta binding protein, comprising, 

culturmg a cell which contains a vector arrr>rriir.cr o .._ j j-.- 

wiciiiii o uiiuci cuMuiuons ana ror a 

10 time sufficient to produce said protein. 

12. The method according to claim 1 1, further comprising the step of 
purifying said protein. 

13. A viral vector capable of directing the expression of a nucleic 
acid molecule according to any one of claims 1 to 7. 



15 



20 



25 



14. The viral vector according to claim 13 wherein said vector is 
selected from the group consisting of herpes simplex viral vectors, adenoviral vectors, 
adenovirus-associated viral vectors and retroviral vectors. 

1 5. A host cell carrying a vector according to any one of claims 8 to 

14. 



16. The host cell according to claim 15 wherein said cell is selected 
from the group consisting of a human cell, dog cell, monkey cell, rat cell and mouse 
cell. 

17. An isolated protein, comprising a TGF-beta binding-protein 
encoded by the nucleic acid molecule according to any one of claims 1 to 7. 

1 8. An antibody which specifically binds to the protein according to 

claim 17. 
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19. The antibody according to claim 18 wherein said antibody is a 
monoclonal antibody. 

20. The antibody according to claim 19 wherein said monoclonal 
antibody is a murine or human antibody. 

5 21, The antibody according to claim 18 wherein said antibody is 

selected from the group consisting of F(ab'),, F(ab)„ Fab\ Fab, and Fv. 

22. A hybridoma which produces an antibody according to claim 19. 

— • — ^*wvwi.., ^^^u'nlJ^i ijni^ a ijiat jjuiypcpLiuc ^cgiTieni 

comprising a TGF-beta binding-protein encoded by the nucleic acid molecule 
10 according to any one of claims 1 to 7, or a ponion thereof of at least 10 amino acids in 
length, and a second polypeptide segment comprising a non-TGF-beta binding-protein. 

24. The fusion protein according to claim 23 wherein said first 
polypeptide segment is at least 20 amino acids in length. 



25. The fusion protein according to claim 23 wherein said first 
15 polypeptide segment is at least 50 amino acids in length. 

26. The fusion protein according to claim 23 wherein said second 
polypeptide comprises multiple anionic amino acid residues. 

27. An isolated oligonucleotide which hybridizes to a nucleic acid 
molecule according to Sequence ID NOs. 1, 3, 5, 7, 9, 11, 13, or 15, or the complement 

20 thereto, under conditions of high stringency. 

28. The isolated oligonucleotide according to claim 27 wherein said 
oligonucleotide is at least 20 nucleotides in length. 

29. The isolated oligonucleotide according to claim 27 wherein said 
oligonucleotide is at least 30 nucleotides in length. 

2^ 30. The isolated oligonucleotide according to claim 27 wherein said 
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oligonucleotide is at least 50 nucleotides in length. 

31. The isolated oligonucleotide according to claim 27 wherein said 
oligonucleotide is between 50 to 100 nucleotides in length. 

32. A pair of primers which specifically amplifies all or a portion of 
:> a nucleic acid molecule according to any one of claims 1 to 7. 

33. A ribozyme which cleaves RNA encoding a protein according to 
claim 17. ° 



34. The ribozyme according to clair 
comprises the protein of Sequence ID NO. 2. 



vvMciciii aaiu protein 



10 35. The ribozyme according to claim 33 wherein said protein 

comprises the protein of Sequence ID NO. 6. 

36. The ribozyme according to claim 33 wherein said RNA encodes 
a protein comprising the protein of Sequence ID NO. 10. 

37. The ribozyme according to claim 33 wherein said RNA encodes 
l3 a protein comprising the protein of Sequence ID NO. 12. 

38. The ribozyme according to claim 33 wherein said RNA encodes 
a protein comprising the protein of Sequence ID NO. 14. 

39. The ribozyme according to claim 33 wherein said RNA encodes 
a protein comprising the protein of Sequence ID NO. 16. 



20 



40. The ribozyme according to claim 33 wherein said ribozyme is 
composed of ribonucleic acids. 

41 . The ribozyme according to claim 40 wherein one or more of said 
ribonucleic acids are 2'-0-methyl ribonucleic acids. 

42. The ribozyme according to claim 33 wherein said ribozyme is 
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composed of a mixture of deoxyribonucleic acids and ribonucleic acids 

43. The ribozyme according to claim 33 wherein said ribozyme is 
composed of nucleic acids having phosphothioate linkages. 

44. A nucleic acid molecule comprising a nucleic acid sequence 
5 which encodes a ribozyme according to claim 33. 

45. The nucleic acid molecule of claim 44, wherein the nucleic acid 
is DNA or cDNA. 

46. The nucleic acid mnlftmlp nf r-Uim aa ..^a^, »i ...— i -x- _ 

promoter to transcribe the nucleic acid. 

47. A host cell comprising the ribozyme of claim 33. 

48. A vector, comprising the nucleic acid molecule of claim 44. 

49. The vector of claim 54, wherein the vector is a piasmid, a virus, 
retrotransposon or a cosmid. 

50. The vector of claim 49 wherein said virus is selected from the 
15 group consisting of retroviruses, adenoviruses, and adeno-associated viruses. 

51. A host cell containing the vector according to any one of claims 

48 to 50. 

52. The host cell according to claim 51 wherein said host cell is 
stably transformed with said vector. 

The host cell according to claim 51 wherein the host cell is a 

human cell. 

54. A method for producing a ribozyme, comprising providing DNA 
encoding the ribozyme according to claim 33 under the transcriptional control of a 
promoter, and transcribing the DNA to produce the ribozyme. 
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55. The method of claim 54 wherein the ribozyme is produced /;/ 

vitro. 



56. The method of claim 54, further comprising purifying the 

ribozyme. 

57. A method for increasing bone mineralization, comprising 
mtroducmg mto a warm-blooded animal an effective amount of the ribozyme according 
to any one of claims 33 to 43, 

58. A method of increasing bone mineralization, comprising 

mtroducing mto a patient an effftr.tiv#» ^r+u i^: , , ^ 

^^^^ iiu^^iciL, aciu molecule ot claim 44 

under conditions favoring transcription of the nucleic acid molecule to produce a 
ribozyme. 

59. A pharmaceutical composition, comprising the ribozyme 
accordmg to any one of claims 33 to 43. and a pharmaceutical ly acceptable carrier or 
diluent. 



60. A pair of primers capable of specifically amplifying all or a 
portion of a nucleic acid molecule according to any one claims I to 7. 

61. A method for detecting a nucleic acid molecule which encodes a 
TGF-beta bmding protein, comprising incubating an oligonucleotide according to any 
one of claims 27 to 31 under conditions of high stringency, and detecting hybridization 
of said oligonucleotide. 

62. The method according to claim 61 wherein said oligonucleotide 

is labeled. 

63. The method according to claim 61 wherein said oligonucleotide 
is bound to a solid support. 

64. A method for detecting a TGF-beta binding protein, comprising 
.ncubatmg an antibody according to any one of claims 18 to 21 under conditions and 
for a time sufficient to permit said antibody to bind to a TGF-beta binding protein and 
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detecting said binding. 

65. The method according to claim 64 wherein said antibody is 
bound to a solid support. 

66. The method according to claim 64 wherein said antibody is 

5 labeled. 

67. The method according to claim 66 wherein said antibody is 
labeled with a marker selected from the group consisting of enzymes, fluorescent 
proteins, and radioisotopes. 

68. A transgenic animal whose germ cells and somatic cells contain a 
10 nucleic acid molecule encoding a TGF-beta binding-protein according to claim 1 which 

is operably linked to a promoter effective for the expression of said gene, said gene 
being introduced into said animal, or an ancestor of said animal, at an embryonic stage, 
with the proviso that said animal is not a human. 

69. The transgenic animal according to claim 68 wherein TGF-beta 
15 binding-protein is expressed from a vector according to any one of claims 8 to 10. 

70. A transgenic knockout animal, comprising an animal whose 
germ cells and somatic cells comprise a disruption of at least one allele of an 
endogenous nucleic acid molecule which hybridizes to the nucleic acid molecule 
according to claim 1, wherein said disruption prevents transcription of messenger RNA 

20 from said allele as compared to an animal without said disruption, with the proviso that 
said animal is not a human. 

71. The transgenic animal according to claim 70 wherein said 
: disruption is a nucleic acid deletion, substitution, or, insertion. 

72. The transgenic animal according to claim 68 or 70 wherein the 
\ 25 animal is selected from the group consisting of a mouse, a rat and a dog. 

) 
) 
) 



BNSDOCID: <WO 0032773AVL> 



wo 00/32773 



PCT/US99/27990 



104 



10 



20 



73. A method for determining whether a candidate molecule is 
capable of increasing bone mineral content, comprising: 

(a) mixing one or more candidate molecules with TGF-beta-binding- 
protein encoded by the nucleic acid molecule according to any one of claims 1 to 7 and 
a selected member of the TGF-beta family of proteins; 

(b) determining whether the candidate molecule alters the signaling 
of the TGF-beta family member, or alters the binding of the TGF-beta binding-protein 
to the TGF-beta family member. 

74. The method according to claim 73 wherein said member of the 
TGF-beta family of proteins is BMP6. 

75. A method for determining whether a candidate molecule is 
capable of increasing bone mineral content, comprising: determining whether a 
candidate molecule inhibits the binding of TGF-beta binding-protein to bone, or an 
analoiiue thereof. 



15 76. 
is hydroxyapatite. 



The method according to claim 75 wherein said analogue of bone 



77. A kit for detection of TGF-beta binding-protein gene expression, 
comprising a container that comprises a nucleic acid molecule, wherein said nucleic 
acid molecule is selected from the group consisting of (a) a nucleic acid molecule 
comprising the nucleotide sequence of SEQ ID NO: 1, 5, 7, 9, 11, 13, or 15; (b) a 
nucleic acid molecule comprising the complement of the nucleotide sequence of (a); (c) 
a nucleic acid molecule that is a fragment of (a) or (b) of at least 20 nucleotides in 
length. 

A kit for detection of TGF-beta binding-protein, 
25 comprising a container that comprises an antibody according to any one of claims 1 8 to 
21. 

antisense oligonucleotide, comprising a 
nucleic acid molecule which hybridizes to a nucleic acid molecule according to 
Sequence ID NOs. 1, 3, 5, 7, 9, 11, 13, or 15, or the complement thereto, and wherein 
30 said oligonucleotide inhibits the expression of TGF-beta binding protein according to 
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claim 17. 

The oligonucleotide according to claim 79 
wherein said oligonucleotide is 15 nucleotides in length. 

The oligonucleotide according to claim 79 
5 wherein said oligonucleotide is 20 nucleotides in length. 

The oligonucleotide according to claim 79 
wherein said oligonucleotide is 50 nucleotides in length. 



The oligonucleotide accopdirsc 
wherein said oligonucleotide is comprised of one or more nucleic acid'analoas 



The oligonucleotide according to claim 79 
wherein said oligonucleotide is comprised of one or more ribonucleic acids. 

The oligonucleotide according to claim 79 
wherein said oligonucleotide is comprised of one or more deoxyribonucleic acids. 

The oligonucleotide according to claim 79 
15 wherein said oligonucleotide sequence comrpises one or more modified covalent 
linkages. 

The oligonucleotide according to claim 86 
wherein said modified covalent linkage is selected from the group consisting of a 
phosphoroth.oate linkage, a phosphotriester linkage, a methyl phosphonate linkage a 
20 methylene(methylimino) linkage, a morpholino linkage, an amide linkage, a polyamide 
linkage, a short chain alkyl intersugar linkage, a cycloalkyi intersugar linkage, a short 
Cham heteroatomic intersugar linkage and a heterocyclic intersugar linkage. 
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EYSCRELHFT 



151 

liHVTERKYLK 
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PPELENNKTM 

RTIINRF.CY 
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CSCQACGKEP 
CKCKRLTRFH 

301 



200 
GQCNSFYIPR 
GKCGSVHFP. 
GQCFSYSVPN 
GQCGPARLLP 

250 

K. KRVTRVKQ 
V. , . VMLVEE 
VDKLVEKILH 
RKVRLVAS . . 

300 



DGHILHAGSQ 
SHEGLSVYVQ 
NQSELKDFGT 

314 
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GEDGPGSQPG THPHPHPHPH PGGQTPEPED 
EAARPQKGRK PRPRARSAKA NQAELENAY- 



PPGAPHTEEE GAED 



Figure 1 
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SEQUENCE LISTING 



<110> Brunkow, Mary E. 
5 Galas, David J. 

Kovacevich, Brian 
Mulligan, John T. 
Paeper, Bryan W. 
Van Ness, Jeffrey 
Hi Winkler, David G. 



15 



20 



<12 0> COMPOSITIONS AND METHODS FOR INCREASING 
BONE MINERALIZATION 

<130> 240083.508 

<140> US 

<141> 1999-11-24 
<160> 41 

<170> FastSEQ for Windows Version 3.0 

25 <210> 1 

<211> 2301 

<212> DNA 

<213> Homo sapien 

30 <400> 1 

agagcctgcg ctactggaag gtggcgtgcc ctcctctggc tggtaccatg cagctcccac 60 

tggccctgtg tctcgtctgc ctgctggtac acacagcctt ccgtgtagtg gagggccagg 120 

ggtggcaggc gttcaagaat gatgccacgg aaatcatccc cgagctcgga gagtaccccg 180 

agcctccacc ggagctggag aacaacaaga ccatgaaccg ggcggagaac ggagggcggc 24 0 

35 ctccccacca cccctttgag accaaagacg tgtccgagta cagctgccgc gagccgcacc 300 

tcacccgcta cgtgaccgat: gggccgtgcc gcagcgccaa gccggtcacc gagctggtgt 360 
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gctccggcca gtgcggcccg gcgcgcctgc tgcccaacgc catcggccgc ggcaagcggt 420 

ggcgacctag tgggcccgac ttccgctgca cccccgaccg ctaccgcgcg cagcgcgtgc 4 80 

agctgctgtg tcccggtggt gaggcgccgc gcgcgcgcaa ggtgcgcctg gtggcctcgt 54 0 

gcaagcgcaa gcgcctcacc cgcttccaca accagtcgga gcccaaggac ttcgggaccg 600 

5 aggccgctcg gccgcagaag ggccggaagc cgcggccccg cgcccggagc gccaaagcca 660 

accaggccga gccggagaac gcccactaga gcccgcccgc gccccncccc accggcgggc 720 

gccccggccc tgaacccgcg ccccacattc ctgccctctg cgcgtggttt gattgtttat 780 

atttcattgt aaatgcctgc aacccagggc agggggctga gaccttccag gccctgagga 84 0 

atcccgggcg ccggcaaggc ccccctcagc ccgccagctg aggggtccca cggggcaggg 900 

10 gagggaattg agagtcacag acactgagcc acgcagcccc gcctccgggg ccgcctacct 960 

ttgctggtcc cacttcagag gaggcagaaa tggaagcatt ttcaccgccc tggggtttta 1020 

agggagcggt gtgggagtgg gaaagtccag ggacr.ggtt^B agaaagttgg ataagattcc 1080 

cccttgcacc tcgccgccca tcagaaagcc tgaggcgtgc ccagagcaca agactggggg 1140 

caactgtaga tgtggtttct agtcccggct ccgccactaa cttgctgtgt aaccttgaac 1200 

15 tacacaattc tccttcggga cctcaatttc cactttgtaa aatgagggtg gaggcgggaa 1260 

taggatctcg aggagactat tggcatatga ttccaaggac tccagtgcct tttgaatggg 1320 

cagaggtgag agagagagag agaaagagag agaatgaatg cagttgcatt gattcagtgc 1380 

caaggtcact tccagaattc agagttgtga tgctctcttc tgacagccaa agatgaaaaa 1440 

caaacagaaa aaaaaaagta aagagtctat ttatggctga catatttacg gctgacaaac 1500 

20 tcctggaaga agctatgctg cttcccagcc tggcttcccc ggatgtttgg ctacctccac 1560 

ccctccatct caaagaaata acatcatcca ttggggtaga aaaggagagg gtccgagggt 1620 

ggcgggaggg atagaaatca catccgcccc aacttcccaa agagcagcat ccctcccccg 1680 

acccatagcc atgttttaaa gtcaccttcc gaagagaagt gaaaggttca aggacactgg 1740 

ccttgcaggc ccgagggagc agccatcaca aactcacaga ccagcacacc ccttttgaga 1800 

25 caccgccttc tgcccaccac tcacggacac atttctgcct agaaaacagc ttcttactgc 1860 

tcttacatgt gatggcatat cttacactaa aagaatatta ttgggggaaa aactacaagt 1920 

gctgtacata tgctgagaaa ccgcagagca taatagctgc cacccaaaaa tcttttcgaa 1980 

aatcatttcc agacaacctc ttactttctg tgtagttttt aattgttaaa aaaaaaaagt 2040 

tttaaacaga agcacatgac atatgaaagc ccgcaggact ggtcgttttt ttggcaattc 2100 

30 ttccacgtgg gacttgtcca caagaatgaa agtagtggtt tttaaagagt taagttacat 2160 

atttattttc tcacttaagt tatttatgca aaagtttttc ttgtagagaa tgacaatgtt 2220 

aatattgctt tatgaattaa cagtctgttc ttccagagtc cagagacatt gttaataaag 2280 

acaatgaatc atgaccgaaa g 2301 

35 <210> 2 

<211> 213 
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<212> PRT 

<213> Homo sapien 

<400> 2 

5 Met Gin Leu Pro Leu Ala Leu Cys Leu Val Cys Leu Leu Val His Thr 
15 10 15 

Ala Phe Arg Val Val Glu Gly Gin Gly Trp Gin Ala Phe Lys Asn Asp 

20 25 30 

Ala Thr Glu lie lie Pro Glu Leu Gly Glu Tyr Pro Glu Pro Pro Pro 
H) 35 40 45 

Glu Leu Glu Asn Asn Lys Thr Met Asn Arg Ala Glu Asn Gly Gly Arg 

50 

\j \j 

Pro Pro His His Pro Phe Glu Thr Lys Asp Val Ser Glu Tyr Ser Cys 
65 70 75 80 

15 Arg Glu Leu His Phe Thr Arg Tyr Val Thr Asp Gly Pro Cys Arg Ser 

85 90 95 

Ala Lys Pro Val Thr Glu Leu Val Cys Ser Gly Gin Cys Gly Pro Ala 

100 105 110 

Arg Leu Leu Pro Asn Ala lie Gly Arg Gly Lys Trp Trp Arg Pro Ser 
20 115 120 125 

Gly Pro Asp Phe Arg Cys He Pro Asp Arg Tyr Arg Ala Gin Arg Val 

130 135 140 

Gin Leu Leu Cys Pro Gly Gly Glu Ala Pro Arg Ala Arg Lys Val Arg 

150 155 160 

25 Leu Val Ala Ser Cys Lys Cys Lys Arg Leu Thr Arg Phe His Asn Gin 

165 170 175 

Ser Glu Leu Lys Asp Phe Gly Thr Glu Ala Ala Arg Pro Gin Lys Gly 

180 185 190 

Arg Lys Pro Arg Pro Arg Ala Arg Ser Ala Lys Ala Asn Gin Ala Glu 
30 195 200 205 

Leu Glu Asn Ala Tyr 
210 

<210> 3 
35 <211> 2301 

<212> DNA 
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<213> Homo sapien 
<400> 3 

agagcctgtg ctactggaag gtggcgtgcc 
5 tggccctgcg tctcgtctgc ctgctggtac 
ggtggcaggc gttcaagaat gatgccacgg 
agcctccacc ggagctggag aacaacaaga 
ctccccacca cccctttgag accaaagacg 
tcacccgcta cgtgaccgat gggccgtgcc 

H) gctccggcca gtgcggcccg gcgcgcctgc 
ggcgacctag tgggcccgac ttccgctgca 
agctgctgtg tcccggtggt gaggcgccgc 
gcaagtgcaa gcgcctcacc cgcttccaca 
aggccgctcg gccgcagaag ggccggaagc 

15 accaggccga gctggagaac gcctactaga 
gccccggccc tgaacccgcg ccccacattt 
atttcattgt aaatgcctgc aacccagggc 
atcccgggcg ccggcaaggc ccccctcagc 
gagggaattg agagtcacag acactgagcc 

20 ttgccggtcc cacttcagag gaggcagaaa 
agggagcggt gtgggagtgg gaaagtccag 
cccttgcacc tcgctgccca tcagaaagcc 
caactgtaga tgtggtttct agtcctggct 
tacacaattc tccttcggga cctcaatttc 

25 taggatctcg aggagactat tggcatatga 
cagaggtgag agagagagag agaaagagag 
caaggtcact tccagaattc agagttgtga 
caaacagaaa aaaaaaagta aagagtctat 
tcctggaaga agctatgctg cttcccagcc 

30 ccctccatct caaagaaata acaccatcca 
ggtgggaggg atagaaatca catccgcccc 
acccatagcc atgttttaaa gtcaccttcc 
ccttgcaggc ccgagggagc agccatcaca 
caccgccttc tgcccaccac tcacggacac 

35 tcttacatgt gatggcacat cttacactaa 
gctgcacata tgctgagaaa ctgcagagca 



4 



ctcctctggc 


tggtaccatg 


cagctcccac 


60 


acacagcctt 


ccgtgtagtg 


gsgggcrtagg 


120 


aaatcatccc 


cgagctcgga 


gagtaccccg 


180 


ccatgaaccg 


ggcggagaac 


ggagggcggc 


240 


tgtccgagta 


cagctgccgc 


gagctgcact 


300 


gcagcgccaa 


gccggtcacc 


gagctggtgc 


360 


tgcccaacgc 


catcggccgc 


ggcaagtggt 


420 


tccccgaccg 


ctaccgcgcg 


cagcgcgtgc 


480 


gcgcgccjcaa 


rrrrt- rrr- nr-r- 1- rr 

313— J— J — — — 3 




54 0 


accagtcgga 


gctcaaggac 


ttcgggaccg 


600 


cgcggccccg 


cgcccggagc 


gccaaagcca 


660 


gcccgcccgc 


gcccctcccc 


accggcgggc 


720 


ctgtcctctg 


cgcgtggttt 


gattgtttat 


780 


agggggctga 


gaccttccag 


gccctgagga 


840 


ccgccagctg 


aggggtccca 


cggggcaggg 


900 


acgcagcccc 


gcctctgggg 


ccgcctacct 


960 


tggaagcatt 


ttcaccgccc 


tggggtttta 


1020 


ggactggtta 


agaaagttgg 


ataagattcc 


1080 


tgaggcgtgc 


ccagagcaca 


agactggggg 


1140 


ctgccactaa 


cttgctgtgt 


aaccttgaac 


1200 


cactttgtaa 


aatgagggtg 


gaggtgggaa 


1260 


ttccaaggac 


tccagtgcct 


tttgaatggg 


1320 


agaatgaatg 


cagttgcatt 


gattcagtgc 


1380 


tgctctcttc 


tgacagccaa 


agatgaaaaa 


1440 


ttatggctga 


catatttacg 


gctgacaaac 


1500 


tggcttcccc 


ggatgtttgg 


ctacctccac 


1560 


ttggggtaga 


aaaggagagg 


gtccgagggt 


1620 


aacttcccaa 


agagcagcat 


ccctcccccg 


1680 


gaagagaagt 


gaaaggttca 


aggacactgg 


1740 


aactcacaga 


ccagcacatc 


ccttttgaga 


1800 


atttctgcct 


agaaaacagc 


ttcttaccgc 


1860 


aagaatatta 


ttgggggaaa 


aactacaagt 


1920 


taatagctgc 


cacccaaaaa 


tcctcctgaa 


1980 
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aatcatctcc 


agacaacctc 


ttactttctg 


cgtagttttt 


aattgttaaa 


aaaaaaaagt 


2040 


tttaaacaga 


agcacatgac 


atatgaaagc 


rtgcaggact 


ggtcgtcttt 


ttggcaactc 


2100 


ttccacgtgg 


gacttgtcca 


caagaatgaa 


agtagtggtt 


tttaaagagt 


taagttacac 


2160 


atttattttc 


tcacttaagt 


tattcatgca 


aaagtttttc 


ttgtagagaa 


tgacaatgct 


2220 


aatactgctt 


tatgaattaa 


cagtctgttc 


cnccagagtc 


cagagacatc 


gttaacaaag 


2280 


acaacgaatc 


atgaccgaaa 


g 








2301 



<210> 4 
<211> 23 
10 <212> PRT 

<213> Homo sapien 



<400> 4 

Met Gin Leu Pro Leu Ala Leu Cys Leu Val Cys Leu Leu Val His Thr 
15 1 5 10 15 

Ala Phe Arg Val Val Glu Gly 
20 



<210> 5 
20 <211> 2301 

<212> DNA 
<213> Homo sapien 



<400> 5 



25 



30 



35 



agagcctgtg 


ctactggaag 


gtggcgtgcc 


ctcctctggc 


tggcaccatg 


cagctcccac 


60 


tggccctgtg 


tctcatctgc 


ctgctggtac 


acacagcct t 


ccgtgtagtg 


gagggccagg 


120 


ggtggcaggc 


gtrcaagaat 


gatgccacgg 


aaatcat ccg 


cgagctcgga 


gagtaccccg 


180 


agcctccacc 


ggagctggag 


aacaacaaga 


ccatgaaccg 


ggcggagaac 


ggagggcggc 


240 


ctccccacca 


cccctttgag 


accaaagacg 


tgtccgagta 


cagctgccgc 


gagctgcact 


300 


tcacccgcta 


cgtgaccgat: 


gggccgtgcc 


gcagcgccaa 


gccggtcacc 


gagctggtgt 


360 


gctccggcca 


gtgcggcccg 


gcgcgcctgc 


tgcccaacgc 


catcggccgc 


ggcaagtggt 


420 


ggcgacctag 


tgggcccgac 


ttccgctgca 


tccccgaccg 


ctaccgcgcg 


cagcgcgtgc 


480 


agctgctgcg 


tcccggtggt 


gaggcgccgc 


gcgcgcgcaa 


ggtgcgcctg 


gtggcctcgt 


540 


gcaagtgcaa 


gcgcctcacc 


cgcttccaca 


accagtcgga 


gctcaaggac 


ttcgggaccg 


600 


aggccgctcg 


gccgcagaag 


ggccggaagc 


cgcggccccg 


cgcccggagc 


gccaaagcca 


660 


accaggccga 


gctggagaac 


gcctactaga 


gcccgcccgc 


gcccctcccc 


accggcgggc 


720 
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gccccggccc tgaacccgcg ccccacattt ctgtcctctg cgcgtggttt gattgtttat 780 

atttcattgt aaatgcctgc aacccagggc agggggctga gaccttccag gccctgagga 84 0 

atcccgggcg ccggcaaggc ccccctcagc ccgccagctg aggggtccca cggggcaggg 900 

gagggaattg agagtcacag acactgagcc acgcagcccc gcctctgggg ccgcctacct 960 

ttgctggtcc cacttcagag gaggcagaaa tggaagcatc ttcaccgccc tggggtttta 1020 

agggagcggt gtgggagtgg gaaagtccag ggactggtta agaaagttgg ataagattcc 1080 

cccttgcacc tcgctgccca tcagaaagcc tgaggcgtgc ccagagcaca agactggggg 1140 

caactgtaga tgtggtttct agtcctggct ccgccactaa cctgctgtgt aaccttgaac 1200 

tacacaattc tccttcggga cctcaatttc cactttgtaa aatgagggtg gaggtgggaa 1260 

taggatctcg aggagactat tggcatatga ttccaaggac tccagtgcct tttgaatggg 1320 

cagaggtgag agagagagag agaaagagag agaatgaatg cagttgcatt gattcagtgc 1380 

caacicrtcact tccaaaattc aaaa^t-c^^CT;R i-rtr-r r-i- r-t~ t- r- *-^=>^=.^^^r> -v ^^^^ 

caaacagaaa aaaaaaagta aagagtctat tcatggctga catatttacg gctgacaaac 1500 

tcctggaaga agctatgctg cttcccagcc tggcttcccc ggatgtttgg ccacctccac 1560 

ccccccatct caaagaaata acatcatcca ttggggtaga aaaggagagg gtccgagggt 1620 

ggtgggaggg atagaaatca catccgcccc aacttcccaa agagcagcat ccctcccccg 1680 

acccatagcc atgttttaaa gtcaccttcc gaagagaagt gaaaggttca aggacactgg 1740 

ccttgcaggc ccgagggagc agccatcaca aactcacaga ccagcacatc ccttttgaga 1800 

caccgccttc tgcccaccac tcacggacac atttctgcct agaaaacagc ctcttactgc 1860 

tcttacatgt gatggcatat cttacactaa aagaatatta ttgggggaaa aactacaagt 1920 

gctgtacata tgctgagaaa ctgcagagca taatagctgc cacccaaaaa tctttttgaa 1980 

aatcatttcc agacaacctc ttactttctg tgtagttttt aattgttaaa aaaaaaaagt 2040 

tttaaacaga agcacatgac atatgaaagc ccgcaggact ggtcgttttt ttggcaattc 2100 

ttccacgtgg gacttgtcca caagaatgaa agtagtggtt tttaaagagt taagttacat 2160 

atttattttc tcacttaagt tatttatgca aaagtttttc ttgtagagaa tgacaatgtt 2220 

aatattgctt tatgaattaa cagtctgttc ttccagagcc cagagacatt gttaataaag 2280 

acaatgaatc atgaccgaaa g 2301 

<210> 6 

<211> 213 

<212> PRT 

<213> Homo sapien 



<400> 6 

35 Met Gin Leu Pro Leu Ala Leu Cys Leu lie Cys Leu Leu Val His Thr 
^5 10 15 
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10 



15 



20 



25 



35 



Ala Phe Arg Val Val Glu Gly Gin Gly Trp Gin Ala Phe Lys Asn Asp 

2° 25 30 

Ala Thr Glu lie He Arg Glu Leu Gly Glu Tyr Pro Glu Pro Pro Pro 

35 40 45 

Glu Leu Glu Asn Asn Lys Thr Met Asn Arg Ala Glu Asn Gly Gly Arg 



^° 55 60 



Pro Pro His His Pro Phe Glu Thr Lys Asp Val Ser Glu Tyr Ser Cys 
65 70 75 

Arg Glu Leu His Phe Thr Arg Tyr Val Thr Asp Gly Pro Cys Arg Ser 



85 



90 



Ala Lys Pro Val Thr Glu Leu Val Cys Ser Gly Gin Cys Gly Pro Ala 

"° 105 
Arg Leu Leu Pro Asn Ala He Gly Arg Gly Lys Trp Trp Arg Pro Ser 

120 

Gly Pro ASP Phe Arg Cys He Pro Asp Arg Tyr Arg Ala Gin Arg Val 

Gin Leu Leu Cys Pro Gly Gly Glu Ala Pro Arg Ala Arg Lys Val Arg 
145 

Leu val Ala Ser Cys Lys Cys Lys Arg Leu Thr Arg Phe His Asn Gl^ 

165 170 175 

Ser Glu Leu Lys Asp Phe Gly Thr Glu Ala Ala Arg Pro Gin Lys Gly 

180 185 190 

Arg Lys Pro Arg Pro Arg Ala Arg Ser Ala Lys Ala Asn Gin Ala Glu 

1" 200 205 

Leu Glu Asn Ala Tyr 
210 



<210> 7 
<211> 2301 
3^ <212> DNA 

<213> Homo sapien 

<400> 7 



agagcctgtg ccactggaag gtggcgtgcc ctcctctggc tggtaccacg cagctcccac 
tggccctgtg tcccgtctgc ctgctggnac acacagcctt ccgtgtagtg gagggccagg 
9gtggcaggc gttcaagaat gatgccacgg aaatcatccg cgagctcgga gagcaccccg 180 



60 
20 
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agcccccacc ggagctggag aacaacaaga ccatgaaccg ggcggagaac ggagggcggc 24 0 

ctccccacca cccctttgag accaaagacg tgtccgagca cagccgccgc gagccgcact 300 

tcacccgcca cgtgaccgat gggccgtgcc gcagcgccaa gccggtcacc gagctggtgt 360 

gctccggcca gtgcggcccg gcgcgcctgc tgcccaacgc catcggccgc ggcaagtggt 420 

ggcgacctag cgggcccgac ttccgctgca tccccgaccg ccaccgcgcg cagcgcgcgc 480 

agctgctgtg tcccggtggt gaggcgccgc gcgcgcgcaa ggtgcgcccg gcggccccgt 54 0 

gcaagtgcaa gcgcctcacc cgcttccaca accagccgga gctcaaggac tccgggaccg 600 

aggccgcccg gccgcagaag ggccggaagc cgcggccccg cgcccggagc gccaaagcca 66 0 

accaggccga gctggagaac gcctactaga gcccgcccgc gcccctcccc accggcgggc 720 

gccccggccc tgaacccgcg ccccacatct ctgccctctg cgcgtggttt gattgtttac 780 

accccattgt aaatgcctgc aacccagggc agggggctga gaccttccag gccctgagga 84 0 

atcccgggcg ccggcaaggc ccccctcagc ccgccagctg aggggtccca cggggcaggg 900 

gagggaattg agagtcacag acactgagcc acgcagcccc gcctctgggg ccgcccacct 96 0 

ttgccggtcc cacctcagag gaggcagaaa tggaagcatt ttcaccgccc cggggcttta 1020 

agggagcggt gcgggagtgg gaaagtccag ggactggcta agaaagttgg ataagattcc 1080 

cccttgcacc ccgctgccca tcagaaagcc tgaggcgtgc ccagagcaca agactggggg 1140 

caactgtaga tgcggtttct agtcctggct ctgccactaa cttgctgtgt aaccttgaac 1200 

tacacaattc tccttcggga cctcaatttc cactttgtaa aatgagggtg gaggtgggaa 1260 

taggatctcg aggagactat tggcatatga ttccaaggac tccagtgcct tttgaatggg 1320 

cagaggtgag agagagagag agaaagagag agaacgaatg cagttgcatt gattcagtgc 1380 

caaggtcact tccagaattc agagttgtga tgctctcttc tgacagccaa agatgaaaaa 1440 

caaacagaaa aaaaaaagta aagagtctat ttatggctga catatttacg gctgacaaac 1500 

tcctggaaga agctatgctg cttcccagcc tggcttcccc ggatgtttgg ctacctccac 1560 

ccctccatct caaagaaata acatcatcca ttggggtaga aaaggagagg gcccgagggt 1620 

ggtgggaggg atagaaatca catccgcccc aacttcccaa agagcagcat ccctcccccg 1680 

acccatagcc atgttttaaa gccaccttcc gaagagaagt gaaaggttca aggacactgg 1740 

ccttgcaggc ccgagggagc agccatcaca aactcacaga ccagcacacc cctcttgaga 1800 

caccgccttc tgcccaccac ccacggacac acttccgcct agaaaacagc ttcctaccgc 1860 

tcttacatgt gatggcatat cttacactaa aagaatatta ttgggggaaa aactacaagc 1920 

gctgtacata cgctgagaaa ccgcagagca taatagctgc cacccaaaaa tcctcttgaa 1980 

aatcatttcc agacaacctc ttactttctg tgcagttttt aattgttaaa aaaaaaaagt 2040 

tttaaacaga agcacatgac atatgaaagc ctgcaggact ggtcgctttt ttggcaattc 2100 

ctccacgtgg gacccgtcca caagaatgaa agtagtggtt tttaaagagt taagttacat 2160 

atttattttc tcacttaagt tatctatgca aaagtttttc ttgtagagaa tgacaacgtt 2220 

aatattgctt tatgaattaa cagcctgctc ttccagagtc cagagacatt gtcaataaag 2280 

acaatgaatc atgaccgaaa q 

^ 2301 
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10 



20 



30 



<210> 8 

<211> 213 

<212> PRT 

<213> Homo sapien 

<400> 8 

Met Gin Leu Pro Leu Ala Leu Cys Leu Val Cys Leu Leu Val His Thr 

Ala Phe Arg Val Val Glu Gly Gin Gly Trp Gin Ala Phe Lys Asn Asp 

20 25 30 

Ala Thr Glu He lie Arg Glu Leu Gly Glu Tyr Pro Glu Pro Pro Pre 
35 40 45 



Glu Leu Glu Asn Asn Lys Thr Met Asn Arg Ala Glu Asn Gly Gly Arg 

^° 55 60 

Pro Pro His His Pro Phe Glu Thr Lys Asp Val Ser Glu Tyr Ser Cys 
" 75 80 

Arg Glu Leu His Phe Thr Arg Tyr Val Thr Asp Gly Pro Cys Arg Ser 

85 90 95 

Ala Lys Pro Val Thr Glu Leu Val Cys Ser Gly Gin Cys Gly Pro Alj 



100 105 



a 

110 

Arg Leu Leu Pro Asn Ala He Gly Arg Gly Lys Trp Trp Arg Pro Ser 

115 120 125 

Gly Pro Asp Phe Arg Cys He Pro Asp Arg Tyr Arg Ala Gin Arg Val 

130 135 140 

Gin Leu Leu Cys Pro Gly Gly Glu Ala Pro Arg Ala Arg Lys Val Arg 

155 160 



Leu Val Ala Ser Cys Lys Cys Lys Arg Leu Thr Arg Phe His Asn Gin 

165 170 3^75 

Ser Glu Leu Lys Asp Phe Gly Thr Glu Ala Ala Arg Pro Gin Lys Gly 



180 185 



190 

Arg Lys Pro Arg Pro Arg Ala Arg Ser Ala Lys Ala Asn Gin Ala Glu 
195 200 205 

Leu Glu Asn Ala Tyr 
35 210 
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<210> 9 
<211> 642 
<212> DNA 

<213> Cercopithecus pygerychrus 
<400> 9 

atgcagctcc cactggccct gtgtcttgtc tgcctgctgg tacacgcagc cttccgtgta 60 
gtggagggcc aggggtggca ggccttcaag aatgatgcca cggaaatcat ccccgagctc 120 
ggagagtacc ccgagcctcc accggagctg gagaacaaca agaccatgaa ccgggcggag 180 
aatggagggc ggcctcccca ccaccccttt gagaccaaag acgtgtccga gtacagctgc 24 0 

cgagagctgc acttcacccg ctacgtgacc gatgggccgt gccgcagcgc caagccagtc 300 

accgagttgg tgtgctccgg ccagtQccjqc ccaacacanr i-rrr-rr.r^r^r^^.^ 

cgcggcaagc ggtggcgccc gagcgggccc gacttccgct gcatccccga ccgccaccgc 420 
gcgcagcgtg cgcagctgcc gtgtcccggt ggtgccgcgc cgcgcgcgcg caaggtgcgc 48 0 

ctggtggcct cgtgcaagtg caagcgcctc acccgcttcc acaaccagtc ggagctcaag 540 
gacctcggtc ccgaggccgc tcggccgcag aagggccgga agccgcggcc ccgcgcccgg 600 
ggggccaaag ccaatcaggc cgagctggag aacgcctacc ag 642 

<210> 10 
20 <211> 213 

<212> PRT 

<213> Cercopithecus pygerythrus 
<400> 10 

25 Met Gin Leu Pro Leu Ala Leu Cys Leu Val Cys Leu Leu Val His Ala 
15 ao 15 

Ala Phe Arg Val Val Glu Gly Gin Gly Trp Gin Ala Phe Lys Asn Asp 

20 25 30 

Ala Thr Glu He He Pro Glu Leu Gly Glu Tyr Pro Glu Pro Pro Pro 
3« 35 40 45 

Glu Leu Glu Asn Asn Lys Thr Met Asn Arg Ala Glu Asn Gly Gly Arg 

50 55 60 

Pro Pro His His Pro Phe Glu Thr Lys Asp Val Ser Glu Tyr Ser Cys 
" 75 80 

35 Arg Glu Leu His Phe Thr Arg Tyr Val Thr Asp Gly Pro Cys Arg Ser 

85 90 95 



BNSDOCID: <WO 0032773A1_L> 



wo 00/32773 



PCT/US99/27990 



11 



]() 



15 



20 



25 



Ala Lys Pro Val Thr Glu Leu Val Cys Ser Gly Gin Cys Gly Pro Ala 

100 2,05 
Arg Leu Leu Pro Asn Ala He Gly Arg Gly Lys Trp Trp Arg Pro Ser 

115 120 
Gly Pro ASP Phe Arg Cys He Pro Asp Arg ^r Arg All Gin Arg Val 
"° 

Gin Leu Leu Cys Pro Gly Gly Ala Ala Pro Arg Ala Arg Lys Val Arg 
"5 150 

Leu val Ala Ser Cys Lys Cys Lys Arg Leu Thr Arg Phe His Asn Gil 

ser Glu Leu Lys Asp Phe Gly Pro Glu Ala Ala Arg Pro Gin Ly! Gly 

185 

Arg Lys Pro Arg Pro Arg Ala Arg Gly Ala Lys Ala Asn Gl^n Ala Glu 



200 205 



Leu Glu Asn Ala Tyr 
210 

<210> 11 

<211> 638 

<212> DNA 

<213> Mus musculus 

<400> H 



atgcagccct cactagcccc gtgcctcatc tgcctacttg tgcacgctgc cttctgtgct 
gtggagggcc aggggtggca agccttcagg aatgatgcca cagaggtcat cccagggctt 
ggagagtacc ccgagcctcc tcc.gagaac aaccagacca tgaaccgggc ggagaatgga 
ggcagacctc cccaccatcc ctatgacgcc aaaggtgtgc ccgagtacag c.gccgcgag 
ctgcactaca cccgcttcct gacagacggc ccatgccgca gcgccaagcc ggccaccgag 



60 
120 
180 
240 

— — -' 3 '-^"'-^^ay 300 

ttgg^gcgct c=3.c=.3tg c^^ccccgcg eggctgctge cccgccac cgggcgcgtg 3eo 
.agtggcggc gcccg.acgg accgg.„« cgc.gcatce cgg.ccget. ccgcgcgc.g 



— - J -^^a^-y *^yuciy 

cgggtgcagc tgctgcgccc cgggggcgcg gcgccgcgct cgcgcaaggt gcgtc.ggtg 
gcctcgtgca agtgcaagcg cctcacccgc ..ccacaacc agtcggagct caaggacttc 
gggccggaga ccgcgcggcc gcagaagggt cgcaagccgc ggcccggcgc ccggggagcc 
aaagccaacc aggcggagct ggagaacgcc tactagag 
35 " 638 



420 
480 
540 
600 



<210> 12 
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<211> 211 
<212> PRT 

<213> Mus musculus 
<400> 12 

Met Gin Pro Ser Leu Ala Pro Cys Leu He Cys Leu Leu Val His Ala 

15 10 15 

Ala Phe Cys Ala Val Glu Gly Gin Gly Trp Gin Ala Phe Arg Asn Asp 

20 25 30 

Ala Thr Glu Val He Pro Gly Leu Gly Glu Tyr Pro Glu Pro Pro Pro 

35 40 45 

Glu Asn Asn Gin Thr Met Asn Arg Ala Glu Asn ax^r r;iw ar-r, d>-^ 

50 55 60 

His His Pro Tyr Asp Ala Lys Asp Val Ser Glu Tyr Ser Cys Arg Glu 
«5 65 70 75 80 

Leu His Tyr Thr Arg Phe Leu Thr Asp Gly Pro Cys Arg Ser Ala Lys 

85 90 95 

Pro Val Thr Glu Leu Val Cys Ser Gly Gin Cys Gly Pro Ala Arg Leu 
100 105 110 

20 Leu Pro Asn Ala lie Gly Arg Val Lys Trp Trp Arg Pro Asn Gly Pro 
115 120 125 

Asp Phe Arg Cys He Pro Asp Arg Tyr Arg Ala Gin Arg Val Gin Leu 

130 135 140 

Leu Cys Pro Gly Gly Ala Ala Pro Arg Ser Arg Lys Val Arg Leu Val 
2^ "5 150 155 160 

Ala Ser Cys Lys Cys Lys Arg Leu Thr Arg Phe His Asn Gin Ser Glu 

155 170 175 

Leu Lys Asp Phe Gly Pro Glu Thr Ala Arg Pro Gin Lys Gly Arg Lys 
180 185 190 

30 Pro Arg Pro Gly Ala Arg Gly Ala Lys Ala Asn Gin Ala Glu Leu Glu 
195 200 205 

Asn Ala Tyr 
210 

35 <210> 13 

<211> S74 
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15 



35 



<212> DNA 

<213> Ractus norvegicus 
<400> 13 

gaggaccgag tgcccttcct ccttctggca ccatgcagct ctcactagcc ccttgcctcg 
cctgcctgct tgtacatgca gccttcgttg ctgtggagag ccaggggtgg caagccctca 120 
agaatgatgc cacagaaatc atcccgggac tcagagagta cccagagcct ccccaggaac 
tagagaacaa ccagaccatg aaccgggccg agaacggagg cagacccccc caccatcctt 
atgacaccaa agacgcgtcc gagcacagct gccgcgagct gcaccacacc cgcttcgtga 
ccgacggccc gtgccgcagt gccaagccgg ccaccgagct ggtgtgctcg ggccagtgcg 
gccccgcgcg gccgctgccc aacgccatcg ggcgcgtgaa gtggtggcgc ccgaacggac 
ccgacttccg ctgcatcccg gaccgccacc gcgcgcagcg ggtgcagctg ctgtgccccg 
gcggcgcggc gccgcgctcg cgcaaggcgc gtctggtggc ctcgtgcaag cgcalgcgcc 
tcacccgctt ccacaaccag tcggagctca aggacttcgg acctgagacc gcgcggccgc 
agaagggtcg caagccgcgg ccccgcgccc ggggagccaa agccaaccag gcggagctgg 660 
agaacgccta ccag 



<210> 14 
<211> 213 
20 <212> PRT 

<213> Rattus norvegicus 

<400> 14 

Met Gin Leu Ser Leu Ala Pro Cys Leu Ala Cys Leu Leu Val His Ala 

Ala Phe val Ala Val Glu Ser Gin Gly Trp Gin Ala Phe Lys Asn Asp 

2° 25 30 

Ala Thr Glu He He Pro Gly Leu Arg Glu Tyr Pro Glu Pro Pro Gin 
35 40 45 

30 Glu Leu Glu Asn Asn Gin Thr Met Asn Arg Ala Glu Asn Gly Gly Arg 
^° 55 60 

Pro Pro His His Pro Tyr Asp Thr Lys Asp Val Ser Glu Tyr Ser Cys 



65 70 ^c: 

'5 80 



Arg Glu Leu His Tyr Thr Arg Phe Val Thr Asp Gly Pro Cys Arg Ser 

85 90 35 

Ala Lys Pro Val Thr Glu Leu Val Cys Ser Gly Gin Cys Gly Pro Ala 



60 



180 
240 
300 
360 
420 

A o n 

-I (J vj 

540 
600 



674 
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25 



100 inq 

110 



Arg Leu Leu Pro Asn Ala lie Gly Arg Val Lys Trp Trp Arg Pro Asn 

120 ,25 
Gly Pro ASP Phe Arg Cys He Pro Asp Arg Tyr Arg Ala Gin Arg Val 

"° 135 
Gin Leu Leu Cys Pro Gly Gly Ala Ala Pro Arg Ser Arg Lys Val Arg 
145 150 

Leu val Ala Ser Cys Lys Cys Lys Arg Leu Thr Arg Phe His Asn Gl^ 

170 175 
ser Glu Leu Lys Asp Phe Gly Pro Glu Thr Ala Arg Pro Gin Lys Gly 



180 



185 



190 



Arg Lys Pro Arg Pro Arg Ala Arg Gly Ala Lvs AX. Ac. n,.. ... .... 

w--** ^j.ci VJXLi 

195 200 205 

Leu Glu Asn Ala Tyr 
15 210 



<210> 15 
<211> 532 
<212> DNA 
<213> Bos torus 



<400 


> 15 












agaatgatgc 


cacagaaatc 


atccccgagc 


tgggcgagta 


ccccgagcct 


ctgccagagc 


60 


tgaacaacaa 


gaccatgaac 


cgggcggaga 


acggagggag 


acctccccac 


cacccctttg 


120 


agaccaaaga 


cgcctccgag 


tacagctgcc 


gggagctgca 


cttcacccgc 


tacgtgaccg 


180 


atgggccgtg 


ccgcagcgcc 


aagccggtca 


ccgagctggt 


gtgctcgggc 


cagtgcggcc 


240 


cggcgcgcct 


gctgcccaac 


gccatcggcc 


gcggcaagcg 


gtggcgccca 


^gcgggcccg 


300 


actcccgctg 


catccccgac 


cgctaccgcg 


cgcagcgggt 


gcagctgttg 


tgtcctggcg 


360 


gcgcggcgcc 


gcgcgcgcgc 


aaggtgcgcc 


tggtggcctc 


gcgcaagtgc 


aagcgcctca 


420 


ctcgcttcca 


caaccagtcc 


gagctcaagg 


acttcgggcc 


cgaggccgcg 


cggccgcaaa 


480 


cgggccggaa 


gctgcggccc 


cgcgcccggg 


gcaccaaagc 


cagccgggcc 


ga 


532 



30 



<210> 16 
<2ll> 176 
35 <212> PRT 



<213> Bos torus 
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<400> 16 

Asn ASP Ala Thr Glu He He Pro Glu Leu Gly Glu Tyr Pro Glu Pro 

Leu Pro Glu Leu Asn Asn Lys Thr Met Asn Arg Ala Glu Asn Gly Gly 
^° 

Arg Pro Pro His His Pro Phe Glu Thr Lys Asp Ala Ser Glu Tyr Ser 

Cys Arg Glu Leu His Phe Thr Arg Tyr Val Thr Asp Gly Pro Cys Arg 
^° 

Ser Ala Lys Pro Val Thr Glu Leu Val Cys Ser Gly Gin Cys Gly Pro 
" 75 so 

Ala Arg Leu Leu Pro Asn Ala He Gly Arg Gly Lys Trp Trp Arg Pro 

85 

ser Gly Pro Asp Phe Arg Cys He Pro Asp Arg Tyr Arg Ala Gin Arg 

val Gin Leu Leu Cys Pro Gly Gly Ala Ala Pro Arg Ala Arg Lys Val 

120 

Arg Leu Val Ala Ser Cys Lys Cys Lys Arg Leu Thr Arg Phe His Asn 
Gin ser Glu Leu Lys Asp Phe Gly Pro Glu Ala Ala Arg Pro Gin Thr 
Gly Arg Lys Leu Arg Pro Arg Ala Arg Gly Thr Lys Ala Ser Arg Ala 

<210> 17 

<2ll> 35828 

<212> DNA 

<213> Mus musculus 

<220> 

<22l> misc_feature 
<222> (1) . . . (35828) 
<223> n - A,T,C or G 



35 



<400> 17 
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cgcgtttcgg 


tgagcagcaa 


tattgcgctt 


cgacgagcct 


rggcgttgag 


accgataccc 


60 




ctgctgcaca 


aaaggcaatc 


gaccgagctg 


gaccagcgca 


ttcgtgacac 


cgtctccttc 


120 




gaacttatcc 


gcaatggagt 


gtcattcatc 


aaggacngcc 


cgatcgcaaa 


tggtgctatc 


180 




cacgcagcgg 


caatcgaaaa 


ccctcagccg 


gcgaccaata 


tctacaacac 


cagccttggc 


240 


5 


atcctgcgtg 


atgagccagc 


gcagaacaag 


gcaaccgcca 


gtgccgataa 


gttcaaagtt 


300 




aaacctggtg 


ttgataccaa 


cattgaaacg 


ttgatcgaaa 


acgcgctgaa 


aaacgctgct 


360 




gaatgtgcgg 


cgctggatgt 


cacaaagcaa 


atggcagcag 


acaagaaagc 


gatggatgaa 


420 




ctggcttcct 


atgtccgcac 


ggccatcatg 


acggaatgtt 


tccccggcgg 


tgttatctgg 


480 




cagcagtgcc 


gtcgatagta 


tgcaattgat 


aactattatc 


atttgcgggt 


cctttccggc 


540 


10 


gatccgcctt 


gttacggggc 


ggcgacctcg 


cgggttttcg 


ctat ttatga 


aaattttccg 


600 




gtttaaggcg 


tttccgttct 


tcttcgtcat 


aacttaatgt 


ttttatttaa 


aataccctct 


660 




gaaaagaaac 


^ ,^ w 


w 3 w 


cga g c 1 1 tz 1 1. 


ggcctctgt c 


gtttcctttc 


72 0 




tctgtttttg 


tccgcggaat 


gaacaatgga 


agtcaacaaa 


aagcagagct 


tatcgatgat 


780 




aagcggtcaa 


acatgagaat 


tcgcggccgc 


ataatacgac 


tcaccatagg 


gatcgacgcc 


840 


15 


tactccccgc 


gcatgaagcg 


gaggagctgg 


actccgcatg 


cccagagacg 


ccccccaacc 


900 




cccaaagtgc 


ctgacctcag 


cctctaccag 


ctctggcttg 


ggcttgggcg 


gggtcaaggc 


960 




taccacgt tc 


tcttaacagg 


tggctgggct 


gtctcttggc 


cgcgcgtcat 


gtgacagctg 


1020 




cctagttctg 


cagtgaggtc 


accgtggaat 


gtctgccttc 


gttgccatgg 


caacgggatg 


1080 




acgtcacaat 


ctgggtgtgg 


agctttccct 


gtccgtgtca 


ggaaatccaa 


ataccctaaa 


1140 


20 


ataccctaga 


agaggaagta 


gctgagccaa 


ggctttcctg 


gcttctccag 


ataaagtttg 


1200 




acttagatgg 


aaaaaaacaa 


aatgataaag 


acccgagcca 


tctgaaaatt 


cctcctaatt 


1260 




gcaccactag 


gaaatgtgta 


tattattgag 


ctcgtatgtg 


ttcttatttt 


aaaaagaaaa 


1320 




ctttagtcat 


gttattaata 


agaatttctc 


agcagtggga 


gagaaccaat 


attaacacca 


1380 




agataaaagt 


tggcatgatc 


cacattgcag 


gaagatccac 


gttgggtttt 


catgaatgtg 


1440 


25 


aagaccccat 


ttattaaagt 


cctaagccct 


gtttttgcac 


actaggaagc 


gatggccggg 


1500 




atggctgagg 


ggctgtaagg 


atctttcaat 


gtctcacatg 


tgtgtttcct 


gtcctgcacc 


1560 




taggacctgc 


cgcctagcct 


gcagcagagc 


cagaggggtt 


tcacatgatt 


agtctcagac 


1620 




acttgggggc 


sggttgcatg 


tactgcatcg 


cttatttcca 


tacggagcac 


ctactatgtg 


1680 




tcaaacacca 


tatggtgttc 


actcttcaga 


acggtggtgg 


tcatcatggt 


gcatttgctg 


1740 


30 


acggttggat 


tggcggtaga 


gagctgagat 


atatggacgc 


actcttcagc 


attccgtcaa 


1800 




cgtggctgtg 


cattcttgct 


cctgagcaag 


t99Ctaaaca 


gactcacagg 


gccagcctcc 


1860 




agctcagtcg 


ctgcatagtc 


ttagggaacc 


tctcccagtc 


ctccctacct 


caaccatcca 


1920 




agaagccagg 


gggcttggcg 


gtctcaggag 


cctgcttgct 


gggggacagg 


ttgttgagtt 


1980 




ttatctgcag 


taggttgcct 


aggcatagtg 


tcaggaccga 


tggctgcctt 


ggagaacaca 


2040 


35 


tcctttgccc 


tctatgcaaa 


tctgaccttg 


acatgggggc 


gctgctcagc 


tgggaggatc 


2100 




aaccgcatac 


ctaaagccaa 


gcctaaagct 


tcttcgtcca 


cctgaaactc 


ctggaccaag 


2160 
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gggctcccgg 


cacatcctct 


caggccagtg 


agggagtctg 


tgtgagctgc 


actctccaat 


2220 




ctcagggcgt 


gagaggcaga 


gggaggtggg 


ggcagagccc 


tgcagctctt 


tcctcccatc 


2280 




tggacagcgc 


tctggctcag 


cagcccatat 


gagcacaggc 


acatccccac 


cccaccccca 


2340 




cctttcctgt 


cctgcagaat 


ttaggctctg 


ttcacggggg 


gggggggggg 


ggggcagccc 


2400 


5 


tatcctctct 


taggtagaca 


ggactctgca 


ggagacactg 


ctttgtaaga 


tactgcagtt 


2460 




taaatttgga 


tgttgtgagg 


ggaaagcgaa 


gggcctcttt 


gaccactcag 


tcaaggtacc 


2520 




ttctaactcc 


catcgtattg 


gggggctact 


ctagcgctag 


acattgcaga 


gagcctcaga 


2580 




actgtagtta 


ccagtgtggt 


aggattgatc 


cttcagggag 


ccngacatgt 


gacagttcca 


2640 




ttctccaccc 


agtcaccgaa 


catttattca 


gtacctaccc 


cgtaacaggc 


accgtagcag 


2700 


10 


gtactgaggg 


acggaccacc 


caaagaactg 


acagaccgaa 


gccttggaat 


ataaacacca 


2760 




aagcatcagg 


ctctgccaac 


agaacactct 


ttaacactca 


ggccctttaa 


cactcaggac 


2820 




ccccacccac 




gt rggcactg 


c t S*~ f^^^*^ = 




ggaaaaac ta 


28 SO 




ggcacaggac 


gatataagtg 


gcttgcttaa 


gcttgtctgc 


atggtaaatg 


gcagggctgg 


2940 




atcgagaccc 


agacattcca 


actctagggt 


ctatttttct 


tctttctcgt 


tgttcgaatc 


3000 


15 


tgggtcttac 


tgggtaaact 


caggctagcc 


tcacactcat 


atccttctcc 


catggcttac 


3060 




gagtgctagg 


attccaggtg 


tgtgctacca 


tgtctgactc 


cctgtagctt 


gtctatacca 


3120 




tcctcacaac 


ataggaattg 


tgatagcagc 


acacacaccg 


gaaggagctg 


gggaaatccc 


3180 




acagagggct 


ccgcaggatg 


acaggcgaat 


gcctacacag 


aaggtgggga 


agggaagcag 


3240 




agggaacagc 


atgggcgtgg 


gaccacaagt 


ctacttgggg 


aagctgccgg 


taaccgtata 


3300 


20 


tggctggggt 


gaggggagag 


gtcatgagat 


gaggcaggaa 


gagccacagc 


aggcagcggg 


3360 




tacgggctcc 


ttattgccaa 


gaggctcgga 


tcttcctcct 


cttcctcctt 


ccggggctgc 


3420 




ctgttcattt 


tccaccactg 


cctcccatcc 


aggtctgtgg 


ctcaggacat 


cacccagccg 


3480 




cagaaactgg 


gcatcaccca 


cgccctgaat 


gctgccgagg 


gcaggtcctt 


catgcacgtc 


3540 




aacaccagtg 


ctagcttcta 


cgaggattct 


ggcatcacct 


acttgggcat 


caaggccaat 


3600 


25 


gacacgcagg 


agttcaacct 


cagtgcttac 


tttgaaaggg 


ccacagattt 


cattgaccag 


3660 




gcgctggccc 


ataaaaatgg 


taaggaacgt 


acattccggc 


acccatggag 


cgtaagccct 


3720 




ctgggacctg 


cttcctccaa 


agaggccccc 


acctgaaaaa 


ggttccagaa 


agatcccaaa 


3780 




atatgccacc 


aactagggat 


taagtgtcct 


acatgtgagc 


cgatgggggc 


cactgcatat 


3840 




agtctgtgcc 


atagacatga 


caatggataa 


taatatttca 


gacagagagc 


aggagttagg 


3900 


30 


tagctgtgct 


cctttccctt 


taattgagtg 


tgcccatttt 


tttattcatg 


tatgtgtata 


3960 




catgtgtgtg 


cacacatgcc 


ataggttgat 


actgaacacc 


gtcttcaatc 


gttccccacc 


4020 




ccaccttatt 


ttttgaggca 


gggtctcttc 


cctgatcctg 


gggctcattg 


gtttatctag 


4080 




gctgctggcc 


agtgagctct 


ggagttctgc 


ttttctctac 


ctccccagcc 


ct^gggactgc 


4140 




aggggcatgt 


gctgggccag 


gcttttatgt 


cgcgttgggg 


atctgaactt 


aggtccctag 


4200 


35 


gcctgagcac 


cgtaaagact 


ctgccacatc 


cccagcctgt 


ctgagcaagt 


gaaccattcc 


4260 




ccagaattcc 


cccagtgggg 


ctttcctacc 


ctcttattgg 


ctaggcattc 


atgagtggtc 


4320 
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acctcgccag aggaacgagt ggccacgact ggcccagggc cagcagccta gagataccgg 4380 

gttaagtctt cctgccgctc gctccctgca gccgcagaca gaaagtagga ctgaatgaga 444 0 

gctggccagt ggtcagacag gacagaaggc tgagagggtc acagggcaga tgtcagcaga 4 500 

gcagacaggt tctcccnctg tgggggaggg gcggcccact gcaggtgtaa ttggccttct 4560 

5 ttgtgctcca tagaggcttc ctgggtacac agcagcttcc ctgtcctggt gattcccaaa 4620 

gagaaccccc taccactgga cttacagaag ttctactgac tggtgtaacg gttcaacagc 4680 

tttggctctt ggtggacggt gcatactgct gtatcagctc aagagctcat tcacgaatga 4740 

acacacacac acacacacac acacacacac acacaagcta attttgatat gccttaacta 4800 

gctcagtgac tgggcatttc tgaacatccc tgaagttagc acacatttcc ctctggtgtt 4860 

10 cctggcttaa caccttctaa atctatattt tatctctgct gccctgttac cttctgagaa 4920 

gcccctaggg ccacttccct tcgcacctac attgctggat ggtttctctc ctgcagctct 4980 

taaatctgat ccctctQCCt ctaaaccata aa;^Bnriannr- ^^i-^i=3r-t-^=ir^ i-i- =.«r»^^*- ^ trrv>,^ 

— — — — < ^ ^ ^ ^- ^ w.^^**^*_w^w**3 t-i-<-iytjv_ui_oica JCIU 

aaacgtctct agccaaaact tcagctaaat ttagacaata aatcttactg gttgtggaat 5100 

cctcaagatt cctcatgacc tccctcacat ggcacgagta tgaagcttta ttacaattgt 5160 

15 ttattgatca aactaactca taaaaagcca gttgcctttc acctgctcaa ggaaggaaca 5220 

aaattcatcc ttaactgatc tgtgcacctt gcacaatcca tacgaatatc ttaagagtac 5280 

taagattttg gttgtgagag tcacatgtta cagaacgtac agctttgaca aggtgcatcc 5340 

ttgggatgcc gaagtgacct gctgttccag ccccctacct tctgaggctg ttttggaagc 5400 

aatgctctgg aagcaacttt aggaggtagg atgctggaac agcgggtcac ttcagcatcc 5460 

20 cgatgacgaa tcccgtcaaa gccgtacatt ctgtaacaga ctgggaaagc tgcagacttt 5520 

aaggccaggg ccctatggtc cctcttaatc cctgtcacac ccaacccgag cccttctcct 5580 

ccagccgttc tgtgcttctc actctggata gatggagaac acggccttgc tagttaaagg 5640 

agtgaggctt cacccttctc acatggcagt ggttggtcat cctcattcag ggaactctgg 5700 

ggcattctgc ctttacttcc tctttttgga ctacagggaa tiatatgctga cttgttttga 5760 

25 ccttgtgtat ggggagactg gatctttggc ctggaatgtt tcctgctagt ttctccccat 5820 

cctttggcaa accctatcta tatcttacca ctaggcatag tggccctcgt tctggagcct 5880 

gccttcaggc tggttctcgg ggaccatgtc cctggttcct ccccagcata tggtgttcac 5940 

agtgttcact gcgggtggtt gctgaacaaa gcggggatcg catcccagag ctccggtgcc 6000 

ttgtgggtac actgctaaga taaaatggat actggcctct ctctgaccac ttgcagagct 6060 

30 ctggtgcctt gtgggtacac tgctaagata aaatggatac tggcctctct ctatccactt 6120 

gcaggactct agggaacagg aatccattac tgagaaaacc aggggctagg agcagggagg 6180 

tagctgggca gctgaagtgc ttggcgacta accaatgaat accagagttt ggatctctag 6240 

aatactctta aaatctgggt gggcagagtg gcccgcctgt aatcccagaa ctcgggaggc 6300 

ggagacaggg aatcatcaga gcaaactggc taaccagaat agcaaaacac tgagctccgg 6360 

35 gctctgtgag agatcctgcc ttaacatata agagagagaa taaaacattg aagaagacag 6420 

tagatgccaa ttttaagccc ccacatgcac atggacaagt gtgcgtttga acacacacat 6480 

BNSDCXID: <WO 0032773AiJ_> 



wo 00/32773 



19 



PCT/US99/27990 



gcactcacgc gaaccaggca tgcacacccg ggcttatcac acacataact tgaaagagag 654 0 
agtgagagag gagagcgcac attagagttc acaggaaagt gtgagcgagc acacccatgc 6600 
acacagacat gtgcgccagg gagcaggaaa ggagcccggg tttgtgcaca agagggagcc 666 0 

accacgtgtc tctaaggagg gcgtgtgaag gaggcgtcgt gtgggctggg actggagcat 6720 

ggtcgtaact gagcatgccc cctgtgggaa acaggagggr ggccaccctg cagagggccc 6 78 0 

cactgtccag cgggatcagt aaaagcccct gccgagaact ttaggtaata gccagagaga 684 0 

gaaaggtagg aaagtggggg gactcccatc tctgatgtag gaggatctgg gcaagtagag 6 900 

gtgcgttcga ggtagaaaga ggggtgcaga ggagatgcnc ttaattctgg gtcagcagtt 6960 

tctttccaaa taacgcctgt gaggaggtgt aggtggtggc catccactca ctcagcagag 7020 

ggacgatgat gcccggcgga tgctggaaat ggccgagcat caaccccggc tctggaagaa 708 0 

ctccatcttt cagaaggaga gtggatctgt gcatggccag cggggtcaca ggtgcttggg 7140 

gcccctgggg gactcctagc acccrqqtaat atttar.caaa rrtr-t-r-i-t-m-r, t.^^^^ 

tggcccgggg ccctgtttct gtctctgttt tgtttcgtct ttcgagacag actcttgcta 7260 

tgtacccgcg tcaatcttgg aatcccactg catagcccag gctgcggaga gaggggaggg 732 0 

caataggcct tgcaagcaag ccacactcca gagactagac tccaccctgc gaatgatgac 7380 

aggtcagagc cgagttccgg aagatttttt ttccagctgc caggcggagt gtggagtggc 744 0 

agcnagcggc aagggtagag ggcgagctcc ctgcgcagga gaaatgcaag caagagatgg 7500 

caagccagtg agttaagcat tctgtgtggg gagcaggtgg atgaagagag aggccgggct 756 0 

Ctcgcctctg gggggggggt gaggggtggg gacgaggtga gaggagggca gctccctgca 762 0 

gtgtgacgag attcttcctg acagtgacct ttggcctctc cctcccccac ctcccttctc 7680 

tcctctcttc ccaccactgc ttcccttgtc cttgagaaac tccgagtttc cacttcactg 7740 

gtgatgcaga cggaaacaga agccgtgtgt gtgtgtgtgt gtgcgcgtgt gtgtgtgtgt 7800 

gcgcgtgcgc ttgcgtgtat gtgtgtgtgt gtgtttgtgt gtatgtgtgt cagtgggaat 786 0 

ggctcatagt ctgcaggaag gtgggcagga aggaataagc tgtaggctga ggcagtgtgg 7 92 0 

gatgcaggga gagaggagag gagggatacc agagaaggaa attaagggag ctacaagagg 7980 

gcattgttgg ggtgtgtgtg tgtgtgtgtt gtttatattt gtattggaaa tacattcttt 8040 

taaaaaatac ttatccattt atctattttt atgtgcacgt gtgtgtgcct gcatgagttc 8100 

atgtgtgcca cgtgtgtgcg ggaacccttg gaggccacaa gggggcatct gatcccctgg 8160 

aactggagtt ggaggaggtt gtgagtcccc tgacatgttt gctgggaact gaaccccggt 8220 

cctatgcaag agcaggaagt gcagttatct gctgagccat ctctccagtc ctgaaatcca 8280 

ttctcttaaa atacacgtgg cagagacatg atgggactta cgcatggatt taatgtggcg 8340 

gtcattaagt tccggcacag gcaagcacct gtaaagccat caccacaacc gcaacagtga 8400 

atgtgaccat cacccccatg ttcttcatgt cccctgtccc ctccatcctc cattctcaag 8460 

cacctcttgc tctgcctctg tcgctggaga acagtgtgca tctgcacact cttatgtcag 8520 

tgaagtcaca cagcctgcac cccttcctgg tctgagtatt cgggttctga ctctgctatc 8580 

acacactact gtactgcatt ctctcgctct ctctttrtaa acatattttt atttgtttgt 8640 
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gtgcatgcac 


atgcgccaca 


tgtgtacaga 


tactatggag 


gccagaagag 


gccatggccg 


8700 




tccctggagc 


tggagttaca 


ggcagcgtgt 


gagctgcctg 


gtgtgggtgc 


tgggaaccaa 


8760 




acttgaatct 


aaagcaagca 


cttttaactg 


ctgaggcagc 


tctcagtacc 


cttcttcatt 


8820 




tctccgcctg 


ggtcccatcg 


tatggacaca 


tgtagccaga 


anatcttgct 


tatctaatta 


8880 


5 


tgtacattgt 


ttcgtgctaa 


gagagagtaa 


tgctctatag 


cctgagctgg 


cctcaacctt 


8940 




gccatcctcc 


tgcctcagcc 


tcctccccct 


gagtgctagg 


atgacaggcg 


sgtggtaact 


9000 




tacatggttt 


catgttttgt 


tcaagactga 


aggataacat 


teat acagag 


aaggtctggg 


9060 




tcacaaagtg 


tgcagttcac 


cgaatggcac 


aacccgtgat 


caagaaacaa 


aactcagggg 


9120 




ctggagagat 


ggcactgact 


gctcttccag 


aggtccggag 


ttcaattccc 


agcaaccaca 


9180 


JO 


tggcggctca 


cagccatcta 


taacgagatc 


tgacgccctc 


ttctggtgtg 


tctgaagaca 


9240 




gctacagtgt 


actcacataa 


aataaataaa 


tctttaaaac 


acacacacac 


acacaattac 


9300 




caccccagaa 


agcccactcc 


atgt tccctc 


c c a c gt c t c t 


3 WW — — 3 »- »-* 


ct occaggt t 


3360 




accactgttc 


aggcttctaa 


caacctggtt 


tacttgggcc 


tcttttctgc 


tctgtggagc 


9420 




cacacatttg 


tgtgcctcat 


acacgttctt 


tctagtaagt 


tgcatattac 


tctgcgtttt 


9480 


15 


tacatgtatt 


tatttattgt 


agttgtgtgt 


gcgtgtgggc 


ccatgcatgg 


cacagtgtgt 


9540 




ggggatgtca 


gagtattgtg 


aacaggggac 


agttcttttc 


ttcaatcatg 


tgggttccag 


96 00 




aggttgaact 


caggtcatca 


tgtgtggcag 


caaatgcctt 


tacccactga 


gacatctcca * 


9660 




tattcttttt 


tcttcccctg 


aggtgggggc 


ttgttccata 


gcccaaactg 


gctttgcact 


9720 




tgcagttcaa 


agtgactccc 


tgtctccacc 


tcttagagta 


ttggaattac 


gatgtgtact 


9780 


20 


accacacctg 


actggatcat 


taattctttg 


atgggggcgg 


ggaagcgcac 


atgctgcagg 


9840 




tgaagggatg 


actggactgg 


acatgagcgt 


ggaagccaga 


gaacagcttc 


agtctaatgc 


9900 




tctcccaact 


gagctatttc 


ggtttgccag 


agaacaactt 


acagaaagtt 


ctcagtgcca 


9960 




tgtggattcg 


gggttggagt 


tcaactcatc 


agcttgacat 


tggctcctct 


acccactgag 


10020 




ccttctcact 


actctctacc 


tagatcatta 


attctttttt 


aaaaagactt 


attagggggc 


10080 


25 


tggagagatg 


gctcagccgt 


taagagcacc 


gaatgccctt 


ccagaggtcc 


tgagttcaat 


10140 




tcccagcatg 


ccattgctgg 


gcagtagggg 


gcgcaggtgt 


tcaacgtgag 


tagctgttgc 


10200 




cagttttccg 


cggtggagaa 


cctcttgaca 


ccctgctgtc 


cctggtcatt 


ctgggtgggc 


10260 




gcatggtgat 


atgcttgttg 


tatggaagac 


tttgactgtt 


acagtgaagt 


tgggcttcca 


10320 




cagttaccac 


gtctcccctg 


tctcttgcag 


gccgggtgct 


tgtccattgc 


cgcgagggct 


10380 


30 


acagccgctc 


cccaacgcta 


gttatcgcct 


acctcatgat 


gcggcagaag 


atggacgtca 


10440 




agtctgctct 


gagtactgtg 


aggcagaatc 


gtgagatcgg 


ccccaacgat 


ggcttcctgg 


10500 




cccaactctg 


ccagctcaat 


gacagactag 


ccaaggaggg 


caaggtgaaa 


ctctagggtg 


10560 




cccacagcct 


cttttgcaga 


ggtctgactg 


ggagggccct 


ggcagccatg 


tttaggaaac 


10620 




acagtatacc 


cactccctgc 


accaccagac 


acgtgcccac 


atctgtccca 


ctctggtcct 


10680 


35 


cgggggccac 


tccaccctta 


gggagcacat 


gaagaagctc 


cctaagaagt 


tctgctcctt 


10740 




agccatcctt 


tcctgtaatt 


tatgtccctc 


cctgaggtga 


ggttcaggtt 


tatgtccctg 


10800 
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tctgcggcat agatacacct cagtgaccca gggtgggagg gctatcaggg tgcacggccc 10860 

gggacacggg cactcctcat gacccctccc ccacctgggc tcttcctgtg tggtccagaa 10920 

ccacgagcct ggtaaaggaa ctatgcaaac acaggccctg acctccccat gtctgctcct 10980 

ggtcctcaca gcccgacacg ccctgccgag gcagacgaat gacatcaagt tctgaagcag 11040 

agtggagata gattagtgac tagacttcca aaaagaagga aaaaaaaggc tgcatcctaa iiioo 

aattatttcc ttagaactaa agacactaca taggggccct tgggtaagca aacccatttt: 11160 

tcccagaggc tatcttgart ctttggaatg tttaaagtgt gccctgccag agagcttacg 11220 

atccatatct gctgcttcag agccttccct gaggatggct ctgttccttt gctcgttaga 11280 

agagcgacgc cttgggcagg gtttccccct tttcagaaca cagggcgtaa agcccagcct 11340 

attacaaaca aacaaacaaa caaacaaaca aaggacctcc atttggagaa ttgcaaggat 114 00 

cttatcctga attatagtgt tggtgagttc aagtcatcac gccaagtgct tgccatcctg 11460 

gctgccattc taagaataat taqqaqaaaa aacctaaf-r-a , 

-< — - -3 — k<3v. i.v_ auy i_i_(_yL9y Xi.3^U 

gtgtgtgcac gggtgcatat gtcggaaggg gtgcctgtcc ccccggggac agaaggaaaa 11580 

tgaaaggccc ctctgctcac cctggccatt tacgggaggc tctgctggtt ccacggcgtc 11640 

tgtgcaggat cctgaaactg actcgctgga cagaaacgag acttggcggc accatgagaa 11700 

tggagagaga gagagcaaag aaagaaacag cctttaaaag aactttctaa gggtggtttt 11760 

tgaacctcgc tggaccttgt atgcgtgcac atttgccaga gattgaacat aaccctcctg ii820 

ggactccacg ttctcattat ttgtatgcct ccggggtcac gcagagccgt cagccaccac 11880 

cccagcaccc ggcacatagg cgtctcataa aagcccattt tatgagaacc agagctgttt 11940 

gagtaccccg tgtatagaga gagctgttgt cgtggggcac ccggatccca gcagcctggt 12000 

tgcccgcctg taggatgtct tacaggagtt tgcagagaaa ccttccttgg agggaaagaa 12060 

atatcaggga tttttgttga acatttcaaa tccagcttta agtgtaagac tcagcagtgt 12120 

tcatggctaa ggtaaggaac atgccttttc cagagctgct gcaagaggca ggagaagcag 1218O 

acctgcctta ggatgtcact cccagggtaa agacctctga tcacagcagg agcagagctg 1224 0 

tgcagcctgg atggtcattg tcccctattc tgtgtgacca cagcaaccct ggtcacatag 12300 

ggctggtcat cctttttttt tttttttttt ttcttttttg gcccagaatg aagtgaccac 12360 

agccaagttg tgtacctcag tctctagtct ccaagcggct ctcttgctca atacaatgtg 12420 

catttcaaaa taacactgta gagttgacag aactggtcca tgtgttatga gagaggaaaa 12480 

gagaggaaag aacaaaacaa aacaaaacac cacaaaccaa aaacatctgg gctagccagg 1254 0 

catgaccgca atgtctacag gcccagttca tgagaggcag agacaggaag accgccgaaa 12600 

ggtcaaggat agcatggtct acgcatcgag actccagcca gggctacggt cccaagatcc 12660 

taggtcttgg attttgggct ttggtttttg agacagggtt tctctgtgta gccctggctg 12720 

tcctggaact cgctccgtag accaggctgg cctcaaactt agagatctgc ctgactctgc 12780 

cttcgagggc tgggacgaat gccaccactg cccaaccaag attccattaa aaaaaaaaaa 1284 0 

agctcaagat aactaagagc tgccagctcg ttaaagctaa gtagaagcag tcccaggcct 12900 

gctgcttgag gctgttcttg gctcggaccc gaaatctgcc cccaacagtg tccaagtgca 12960 
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catgaccttg 


agccatctcc 


agagaaggaa 


gtgaaaattg 


tggctcccca 


gtcgactggg 


13020 


acacagtctc 


tcttcgtcta 


ggtaacacat 


ggtgacacat 


agcattgaac 


tctccactct 


13080 


gagggtgggt 


ttccctcccc 


ctgcctcttc 


tgggttggtc 


accccatagg 


acagccacag 


13140 


gacagtcact 


agcacctact 


ggaaacctct 


ttgtgggaac 


atgaagaaag 


agcctttggg 


13200 


agattcctgg 


ctttccacta 


gggccgaaag 


tacaacggtt 


cttggt tggc 


tttgcctcgt 


13260 


gtttataaaa 


ctagctacta 


ttcttcaggt 


aaaataccga 


t Q t ti a t a ci a f3 




13320 


cgtggctgcc 


cgtgagtagg 


gggtggggtc 


gggaatcctg 


gatagtgttc 


tatccatgga 


13380 


aagcggtgga 


ataggaatta 


agggtgttcc 


cccccccccc 


aacctcttcc 


tcagacccag 


13440 


ccactttcta 


tgacttataa 


acatccaggt 


aaaaattaca 


aacataaaaa 


tggtttctct 


13500 


tctcaatctc 


ctaaagtctg 


cctgcctttt 


ccaggggtag 


gtctgtttct 


ttgctgttct 


13560 


atrgtcttga 


gagcacagac 


taacacttac 


caaatgaggg 


aactcttggc 


ccatactaag 


13620 


gctcttccgg 


gctccagcac 


tcttaagtta 








13680 










acccgccacc 


cccaagtggg 


tgtggataat 


gccatggcca 


gcagggggca 


ctgttgaggc 


13740 


gggtgcctct 


ccaccttaag 


ttgcttatag 


tatttaagat 


gctaaatgtt 


ttaatcaaga 


13800 


gaagcactga 


tcttataata 


cgaggataag 


agattttctc 


acaggaaatt 


gtctttttca 


13860 


taatcctttt 


acaggctttg 


tcctgatcgt 


agcatagaga 


gaatagctgg 


atatttaact 


13920 


tgtattccat: 


ttccctctgc 


cagcgttagg 


ttaactccgt 


aaaaagtgat 


tcagcggacc 


13980 


gaagaggctc 


agagggcagg 


ggatggtggg 


gtgaggcaga 


gcactgtcac 


ctgccaggca 


14040 




tgccatccgg 


gaggaaaagg 


aaagtttagc 


ctctagtcta 


ccaccagtgt 


14100 


taacgcactc 


taaagttgta 


accaaaataa 


atgtcttaca 


ttacaaagac 


gtctgttttg 


14160 


tgtttccttt 


tgtgtgtttg 


ggctttttat 


gtgtgcttta 


taactgctgt 


ggtggtgctg 


14220 


ttgttagttt 


tgaggtagga 


tctcaggctg 


gccttgaact 


tctgatcgcc 


tgcccctgcc 


14280 


cctgcccctg 


cccctgtccc 


tgcctccaag 


tgctaggact 


aaaagcacat 


gccaccacac 


14340 


cagtacagca 


tttttctaac 


atttaaaaat 


aatcacctag 


gggctggaga 


gagggttcca 


14400 


gctaagagtg 


cacactgctc 


ttgggtagga 


cctgagctta 


gttcccagaa 


cctatactgg 


14460 


gtggctccag 


gtccagagga 


tccaggacct 


ctggcctcca 


t^gggcatctg 


ctcttagcac 


14520 


atacccacat 


acagatacac 


acataaaaat 


aaaatgaagc 


ctttaaaaac 


ctcctaaaac 


14580 


ctagcccttg 


gaggtacgac 


tctggaaagc 


tggcacactg 


tgtaagtcca 


tctcatggtg 


14640 


ttctggctaa 


cgtaagactt 


acagagacag 


aaaagaactc 


agggcgtgct 


gggggttggg 


14700 


acggaggaag 


sgggatgagt 


agggggagca 


cggggaactt 


gggcagtgaa 


aattctttgc 


14760 


aggacactag 


aggaggataa 


ataccagtca 


tcgcacccac 


tactggacaa 


ctccagggaa 


14820 


ttatgctggg 


tgaaaagaga 


aggccccagg 


tattggctgc 


attggctgca 


tttgcgtaac 


14880 


atttttttaa 


attgaaaaga 


aaaagacgta 


aatcaaggtt 


agatgagtgg 


ttgctgtgag 


14940 


ctgagagctg 


gggtgagtga 


gacatgtgga 


caactccatc 


aaaaagcgac 


agaaagaacg 


15000 


ggctgtggtg 


acagctacct 


ctaatcncca 


cctccgggag 


grgatcaagg 


ttagccctca 


15060 


gctagcctgt 


ggtgcatgag 


accctgtttc 


aaaaacttta 


acaaagaaat 


aatgaaaaaa 


15120 
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gacaccaggg cagatccttg gggccaaagg cggacaggcg agtctcgtgg taaggtcgtg 15180 

tagaagcgga tgcatgagca cgtgccgcag gcatcacgag agagccccag gtaagtaagg 15240 

atggatgtga gtgtgtcggc gtcggcgcac tgcacgtccc ggctgcggtg ctggactggc 15300 

atctttggcg agctgtggag gggaaatggg tagggagatc ataaaatccc tccgaattat 15360 

ttcaagaact gtccattaca attatctcaa aatattaaaa aaaaagaaga actaaaaaac 15420 

aaaaaaccta tccaggtgtg gtggtgtgca cctatagcca cgggcacttg gaaagccgga 15480 

gcaagaggat ggcgagtttg aaggtatctg gggctgtaca gcaagaccgt cgtccccaaa 1554 0 

ccaaaccaaa cagcaaaccc attatgccac acaagagtgt tcatagtgag cggcctcgct 15600 

gagagcatgg ggtgggggtg ggggtggggg acagaaatat ctaaactgca gtcaataggg 15660 

atccactgag accctggggc ttgactgcag ctcaaccttg ggaaatgata agggttctgt 15720 

gtcgagtaaa agcatcgatt actgacttaa cctcaaatga agaaaaagaa aaaaagaaaa 15780 

caacaaaagc caaaccaaaq aactaaca^o ^rr^nrr^i-r'^r^.^ , 

tcttccgaag gtccagagtt caaatcccag caaccacatg gtrggctcaca accatctgta 15900 

acgagatatg atgccctctt ctggcgtgtc tgaagacagc tacagcgtac ttacacacaa 15960 

taaataaatc ttaaaaaaaa aaaaaaaaaa aaaagccaaa ccgagcaaac caggccccca 16020 

aacagaaggc aggcacgacg gcaggcacca cgagccatcc tgtgaaaagg cagggctacc 16080 

catgggccga ggagggtcca gagagatagg ctggtaagct cagtttctct gtataccctt 16140 

ttccttgttg acactacctc aattacagac aaaataacaa ataaacaaaa tctagagcct 16200 

ggccactctc tgctcgcttg atttctcctg ctacgtccag caggtggcgg aagtgttcca 16260 

aggacagatc gcatcactaa ggtggccagc ataatctccc atcagcaggt ggtgctgtga 16320 

gaaccattat ggtgctcaca gaatcccggg cccaggagct gccctctccc aagnctggag 16380 

caataggaaa gctttctggc ccagacaggg ttaacagtcc acattccaga gcaggggaaa 16440 

aggagactgg aggtcacaga caaaagggcc agcttctaac aacttcacag ctctggtagg 16500 

agagatagat cacccccaac aacggccaca gctggttttg tctgccccga aggaaactga 16560 

ctcaggaagc aggtatcaga gtccccttcc tgaggggact tctgcctgcc ttgtaaagct 16620 

gtcagagcag ctgcattgat gtgtgggtga cagaagatga aaaggaggac ccaggcagat 16680 

cgccacagat ggaccggcca cttacaagnc gaggcaggtg gcagagcctc gcagaagctc 16740 

cgcaggtgga cgacactgat tcattaccca gttagcacac cacagcgggc taggcggacc 16800 

acagcctcct tcccagtctt cctccagggc tggggagtcc cccaaccttc tgcctcagtg 16860 

cagcttccgc cagcccctcc tccctttgca cctcaggtgt gaaccctccc tcctctcctt 16 920 

ctccctgtgg catggccctc ctgctactgc aggctgagca ttggatttct ttgtgcttag 16980 

atagacctga gatggctttc tgatttatat atatatatcc atcccttgga tcttacatct 17040 

aggacccaga gctgtctgcg ataccataag aggctgggga gatgatatgg taagagtgct 17100 

cgctgcacaa gcatgaagac atgagttcga acccccagca accatgtgga aaaataacct 17160 

tctaacctca gagctgaggg gaaaggcagg tggattctgg gggcctaccg gccagccagc 17220 

cagcctaacc taaatgcctc agtcagagac cctgtctcag ggaataacct gggagaatga 17280 
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ctgagaaaga 


cacctcctca 


ggtctcccat 


gcacccacac 


agacacacgg 


ggggggggta 


17340 


atgtaataag 


ctaagaaata 


acgagggaaa 


tgattttttg 


ccaagaaatg 


aaattctgtg 


17400 


ttggccgcaa 


gaagcctggc 


cagggaagga 


actgcctttg 


gcacaccagc 


ctataagtca 


17460 


ccatgagttc 


cctggctaag 


aatcacatgt 


aatggagccc 


aggtccctct 


tgcctggcgg 


17520 


ttgcctctcc 


cacnggtttt: 


gaagagaaat 


tcaagagaga 


tctccctggt 


cagaattgta 


17580 


ggtgctgagc 


aatgtggagc 


tggggtcaat 


gggattcctt 


taaaggcatc 


ct tcccaggg 


17640 


ctgggtcata 


cttcaatagt 


sgggtgcttg 


cacagcaagc 


gtgagaccct 


aggttagagt 


17700 


ccccagaatc 


tgcccccaac 


cccccaaaaa 


ggcatccctc 


tgcctctggg 


tgggtggggg 


17760 


gagcaaacac 


ctttaactaa 


gaccattagc 


tggcaggggt 


aacaaatgac 


cttggctaga 


17820 


ggaacttggt 


caagctggat 


tccgcctcct 


gtagaagccc 


cacttgtttc 


ctttgttaag 


17880 


ctggcccaca 


gtttgttctg 


agaatgcctg 


aggggcccag 


ggagccagac 


aattaaaagc 


17940 


caagctcatt 


ttgatatctg 


aaaaccacag 


— 


ctgcccgt gg 


gaggtactgg 


18 000 


gagagctggc 


tgtgtccctg 


cctcaccaac 


gccccccccc 


ccaacacaca 


ctccccgggt 


18060 


cacctgggag 


gtgccagcag 


caatttggaa 


gtttactgag 


cttgagaagc 


cttgggaggg 


18120 


ctgacgctaa 


gcacacccct 


tctccacccc 


cccccacccc 


acccccgtga 


ggaggagggt 


18180 


gaggaaacat 


gggaccagcc 


ctgctccagc 


ccgtccttat 


tggctggcat 


gaggcagagg 


18240 


gggctttaaa 


aaggcaaccg 


tatctaggct 


ggacactgga 


gcctgtgcta 


ccgagtgccc 


18300 


tcctccacct 


ggcagcatgc 


agccctcact 


agccccgtgc 


ctcatctgcc 


tacttgtgca 


18360 


cgctgccttc 


tgtgctgtgg 


agggccaggg 


gtggcaagcc 


ttcaggaatg 


atgccacaga 


18420 


ggtcatccca 


gggcttggag 


agtaccccga 


gcctcctcct 


gagaacaacc 


agaccatgaa 


18480 


ccgggcggag 


aatggaggca 


gacctcccca 


ccatccctat 


gacgccaaag 


gtacgggatg 


18540 


aagaagcaca 


ttagtggggg 


ggggggtccc 


gggaggtgac 


tggggtggtt 


ttagcatctt 


18600 


cttcagaggt 


ttgtgtgggt 


ggctagcctc 


tgctacatca 


gggcagggac 


acatttgcct 


18660 


ggaagaatac 


tagcacagca 


ttagaacctg 


gagggcagca 


ttggggggct 


ggtagagagc 


18720 


acccaaggca 


gggtggaggc 


tgaggtcagc 


cgaagctggc 


attaacacgg 


gcatgggctt 


18780 


gtatgatggt 


ccagagaatc 


tcctcctaag 


gatgaggaca 


caggtcagat 


ctagctgctg 


18840 


accagtgggg 


aagcgatatg 


gtgaggctgg 


atgccagatg 


ccatccatgg 


ctgtactata 


18900 


tcccacatga 


ccaccacatg 


aggtaaagaa 


ggccccagct 


tgaagatgga 


gaaaccgaga 


18960 


ggctcctgag 


ataaagtcac 


ctgggagtaa 


gaagagctga 


gactggaagc 


tggtttgatc 


19020 


cagatgcaag 


gcaaccctag 


attgggtttg 


ggtgggaacc 


tgaagccagg 


aggaatccct 


19080 


ttagttcccc 


cttgcccagg 


gtctgctcaa 


tgagcccaga 


gggttagcat 


taaaagaaca 


19140 


gggtttgtag 


gtggcatgtg 


acatgagggg 


cagctgagtg 


aaatgtcccc 


tgtatgagca 


19200 


caggtggcac 


cacttgccct 


gagcttgcac 


cccgacccca 


gctttgcctc 


attcctgagg 


19260 


acagcagaaa 


ctigtggaggc 


agagccagca 


cagagagatg 


cctggggtgg 


gggtgggggt 


19320 


atcacgcacg 


gaactagcag 


caatgaatgg 


ggtggggtgg 


cagctggagg 


gacactccag 


19380 


agaaatgacc 


ttgctggtca 


ccatttgtgt 


gggaggagag 


ctcattttcc 


agcttgccac 


19440 
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cacatgctgt ccctcctgtc tcctagccag taagggatgt ggaggaaagg gccaccccaa 19500 

aggagcatgc aatgcagtca cgtttttgca gaggaagtgc ttgacctaag ggcactattc 19560 

tcggaaagcc ccaaaactag tccttccctg ggcaaacagg cctcccccac ataccacctc 19620 

tgcaggggtg agtaaatcaa gccagccaca gaagggtggc aaggcctaca cctcccccct 19680 
gttgtgcccc cccccccccc gtgaaggtgc atcctggcct ctgcccctct ggccctggta 



19740 



ctgggatttt ttttttcctt ctatgtcata ttgatcctga caccatggaa cctttggagg 19800 

tagacaggac ccacacatgg attagttaaa agcctcccat ccatctaagc tcatggtagg 19860 

agatagagca tgcccaagag aggagggcag gcatcagacc tagaagatat ggctgggcat 19920 

ccaacccaat ctccntcccc ggagaacaga ctctaagtca gatccagcca cccttgagta 19980 

accagctcaa ggtacacaga acaagagagt ccggtataca gcaggtgcta aacaaatgcc 20040 

tgtggtagca aaagctatag gttttgggtc agaactccga cccaagtcgc gagtgaagag 20100 

cgaaaqqccc tccacccarr ^nr-rrr-r-r-r^r^r^ „ ^ . _ 

= — ^^a"- '-^^^a<-'-i-y9 ggccccataa cagatcactt 20160 

ccacccctgc gggagccaga gagccctggc atcctaggta gccccccccg cccccccccc 20220 

gcaagcagcc cagccctgcc ttcggggcaa gttcttttct cagcctggac ctgtgataat 20260 

gagggggtcg gacgcgccgc ctctggtcgc ttccaagtct aatgaattct tatccctacc 20340 

acctgcccct ccaccccgct cctccacagc agctgtcctg atttattacc ttcaattaac 20400 

ctccactccc ttctccatct cctgggatac cgcccctgtc ccagtggctg gtaaaggagc 20460 

ttaggaagga ccagagccag gtgtggctag aggctaccag gcagggctigg ggatgaggag 20520 

ctaaaccgga agagtgtttg gtcagtaggc acaaagcctt gggtgggatc cctagtaccg 20580 

gagaagcgga gatgggcgct gagaagttca agaccatcca tccttaacta cacagccagt 20640 

ttgaggccag cctgggctac ataaaaaccc aatctcaaaa gctgccaatt ctgattctgt 20700 

gccacgtagt gcccgatgta atagtggatg aagtcgttga atcctggggc aacctatttt 20760 

acagatgtgg ggaaaagcaa ctttaagtac cctgcccaca gatcacaaag aaagtaagtg 20820 

acagagctcc agtgcttcat ccctgggttc caaggacagg gagagagaag ccagggtggg 20880 

atctcactgc tccccggtgc ctccttccta taatccatac agattcgaaa gcgcagggca 20940 

ggtttggaaa aagagagaag ggtggaagga gcagaccagt ctggcctagg ctgcagcccc 21000 

tcacgcatcc ctctctccgc agatgtgccc gagtacagcc gccgcgagct gcactacacc 21060 

cgcttccrga cagacggccc atgccgcagc gccaagccgg tcaccgagtt ggtgtgctcc 21120 

ggccagtgcg gccccgcgcg gctgctgccc aacgccatcg ggcgcgtgaa gtggtggcgc 21180 

ccgaacggac cggacttccg ctgcatcccg gatcgctacc gcgcgcagcg ggtgcagctg 21240 

ctgtgccccg ggggcgcggc gccgcgctcg cgcaaggtgc gtctggtggc ctcgtgcaag 21300 

tgcaagcgcc tcacccgcct ccacaaccag tcggagctca aggactccgg gccggagacc 21360 

gcgcggccgc agaagggtcg caagccgcgg cccggcgccc ggggagccaa agccaaccag 21420 

gcggagctgg agaacgccta ctagagcgag cccgcgccta tgcagccccc gcgcgatccg 21480 

attcgttttc agtgtaaagc ctgcagccca ggccaggggt gccaaacttt ccagaccgtg 21540 

tggagttccc agcccagtag agaccgcagg tccttctgcc cgctgcgggg gatggggagg 21600 



SNSCXDCtO; <WO 0032773A1J_> 



wo 00/32773 



26 



PCTAJS99/27990 



10 



15 



20 



25 



30 



35 



gggtggggct cccgcgggcc aggagaggaa gcctgagccc cagaccctgc ctagccccgg 21660 

gcgggatggg ggtctctcta ccctcgccgg acctatacag gacaaggcag tgtctccacc 21720 

ttaaagggaa gggagtgtgg aacgaaagac ctgggactgg tcatggacgc acagtaagat 21780 

ctactcctcc cacccaaatg taaagcccgc gtgggctaga tagggtttcc gaccctgacc 21840 

tggccactga gtgtgacgtt gggccacgcg gtcctctttt ggtacggtcc tctctgcaaa 21900 

atagggaccg gaactctgcc gagattccaa ggattggggt accccgtgta gaccggtgag 21960 

agagaggaga acaggggagg ggttagggga gagatcgtgg tgggcaaccg cctagaagaa 22020 

gctgtccgct ggcccccagc ctcgccgcct cagaggtttg gcttccccca ctccttcctc 22080 

ccaaatctgc cttcaaatcc atatctggga tagggaaggc cagggtccga gagatggtgg 22140 

aagggccaga aaccacactc ctggcccccc gaagagcagt gtcccgcccc caactgcctt 22200 

gtcacattgt aaagggattt tctacacaac agttcaaggt cgttggagga aactgggctt 22260 

Qccaatcacf: tr:c<-ar (-nrt- rrt- /-/-/-.«- -i-r^^r, 

— uav.^ aayauauucic cccccgcctg ccacccacgg 22320 

acacacttct gtctagaaac agagcgccgt cgcgccgtcc tctgagacag catatcttac 22380 

attaaaaaga acaatacggg gggggggggc ggagggcgca agtgttatac acatgctgag 2244 0 

aagctgtcag gcgccacagc accacccaca atctttttgt aaatcatttc cagacacctc 22500 

ttacttcctg tgtagatttt aattgttaaa aggggaggag agagagcgtt tgtaacagaa 22560 

gcacatggag gggggggtag gggggttggg gctggcgagt ttggcgaact ttccatgtga 22620 

gactcatcca caaagactga aagccgcgtt ttttttttta agagttcagt gacatattta 22680 

ttttctcatt taagctattt atgccaacat ctttttcttg tagagaaagg cagtgttaat 22740 

atcgctttgt gaagcacaag tgtgtgcggt tttttgtttt ttgttttttc cccgaccaga 22800 

ggcattgcta acaaagacaa tgaacctcga gcaggaggct gtggtcttgt tttgtcaacc 22860 

acacacaatg tctcgccact gtcatcccac tccctcccct tggtcacaag acccaaacct 22920 

tgacaacacc tccgactgct ctctggcagc ccttgtggca acacgtgttt cccttgaaaa 22980 

gtcacattca tcctttcctc tgcaaacctg gctctcattc cccagctggg tcatcgtcat 23040 

accctcaccc cagcctccct ttagctgacc actctccaca ccgtcttcca aaagcgcacg 23100 

ctccaccgag ccagttccct ggtccaggtc atcccattgc tcctccttgc tccagaccct 23160 

tctcccacaa agatgttcat ctcccactcc atcaagcccc agtggccctg cggctacccc 23220 

tgtctctcca gttagctgaa tctacttgct gacaccacat gaatcccttc ccctgtcrca 23280 

aggttcatgg aactcttgcc tgcccctgaa cctcccagga ctgtcccagc gtctgatgtg 23340 

tcctctctcc tgtaaagccc caccccacta tttgattccc aattccagat cttcccttgt 23400 

tcactccttc acgggatagt gtctcatctg gccaagtcct gcttgatatt gggataaatg 23460 

caaagccaag tacaattgag gaccagttca tcattgggcc aagccttttc aaaatgtgaa 23520 

ttttacaccc atagaagtgt aaaagccttc caaagcagag gcaatgcctg gctcttcctt 23580 

caacatcagg gctcctgctt tacgggcctg gtggggtagt acattcataa acccaacact 23640 

aggggtgtga aagcaagatg attgggagct cgaggccaat ctcggccatg aggccctgtc 23700 

tcaacctctc ctccctccct ccagggtttt gttttgtttt gtctctttga tttgaaactg 23760 
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caacacttca 


aatccagtca 


agtgcatctt 


tgcgtgaggg 


gaaccctatc 


cctaatacaa 


23820 


gcttccatct 


tgatttgtgt 


atgtgcacac 


tgggggttga 


acctgggcct 


ctgtacctgc 


23880 


cgggcaagct 


ctctactgct 


ctaaacccag 


ccctcactgg 


ctttccgttt 


caactcccaa 


23940 


tgaattcccc 


taaatgaatt 


atcaatatca 


tgtctttgaa 


aaataccatt 


gagtgctgct 


24000 


ggtgtccctg 


tggttccaga 


ttccaggaag 


gacttttcag 


ggaatccagg 


catcctgaag 


24060 


aatgtcttag 


agcaggaggc 


catggagacc 


ttggccagcc 


ccacaaggca 


gtgtggtgca 


24120 


gagggtgagg 


atggaggcag 


gcttgcaatt 


gaagctgaga 


cagggtactc 


aggattaaaa 


24180 


agcttccccc 


aaaacaattc 


caagatcagt 


tcctggtact 


tgcacctgtt 


cagctatgca 


24240 


gagcccagtg 


ggcataggtg 


aagacaccgg 


ttgtactgtc 


atgtactaac 


tgtgcttcag 


24300 


agccggcaga 


gacaaataat 


gttatggtga 


ccccagggga 


cagtgattcc 


agaaggaaca 


24360 


cagaagagag 


tgctgctaga 


ggctgcctga 


aggagaaggg 


gtcccagact 


ctctaagcaa 


24420 


agactccact 


cacataaaga 


— — ^ — 




ccgtygacyc 


agggagccca 


24480 


tccaccatcc 


tttagcangc 


ccttgtattc 


ccatcacatg 


ccagggatga 


ggggcatcag 


24540 


agagtccaag 


tgatgcccaa 


acccaaacac 


acctaggact 


tgcttcctgg 


gacagacaga 


24600 


tgcaggagag 


actaggttgg 


gctgtgatcc 


cattaccaca 


aagagggaaa 


aaacaaaaaa 


24660 


caaacaaaca 


aacaaaaaaa 


aacaaaacaa 


aacaaaaaaa 


aacccaaggt 


ccaaattgta 


24720 


ggtcaggtta 


gagtttattt 


atggaaagtt 


atattctacc 


tccatggggt 


ctacaaggct 


24780 


ggcgcccatc 


agaaagaaca 


aacaacaggc 


tgatctggga 


ggggtggtac 


tctatggcag 


24840 


ggagcacgtg 


tgcttggggt 


acagccagac 


acggggcttg 


tattaatcac 


^gggcttgta 


24900 


ttaataggct 


gagagtcaag 


cagacagaga 


gacagaagga 


aacacacaca 


cacacacaca 


24960 


cacacacaca 


cacacacaca 


catgcacaca 


ccactcactt 


ctcactcgaa 


gagcccctac 


25020 


ttacattcta 


agaacaaacc 


attcctcctc 


ataaaggaga 


caaagttgca 


gaaacccaaa 


25080 


agagccacag 


ggtccccact 


ctctctgaaa 


tgacttggac 


ttgttgcagg 


gaagacagag 


25140 


gggtctgcag 


aggcttcctg 


ggtgacccag 


agccacagac 


actgaaatct 


ggtgctgaga 


25200 


cctgtataaa 


cccccttcca 


caggttccct 


gaaaggagcc 


cacattcccc 


aaccctgtct 


25260 


cctgaccact 


gaggatgaga 


gcacttgggc 


cttccccatt 


cttggagtgc 


accctggttt 


25320 


ccccatctga 


gggcacatga 


ggtctcaggt 


cttgggaaag 


ttccacaagt 


attgaaagtg 


25380 


ttcttgtttt 


gtttgtgatt 


taatttaggt 


gtatgagtgc 


ttttgcttga 


atatatgcct 


25440 


gtgtagcatt 


tacaagcctg 


gtgcctgagg 


agatcagaag 


atggcatcag 


ataccccgga 


25500 


actggacttg 


cagacagtta 


tgagccactg 


tgtgggtgct 


aggaacagaa 


cctggatcct 


25560 


ccggaagagc 


agacagccag 


cgctcttagc 


cactaagcca 


tcactgaggt 


tctttctgtg 


25620 


gctaaagaga 


caggagacaa 




cttttagtca 


ataggaccat 


gaatgttcct 


25680 


cgtaacgtga 


gaccagggca 


gggtigatccc 


ccagtgacac 


cgatggccct 


gtgtagttat 


25740 


tagcagctct 


agtcttattc 


cttaacaagt 


cccagtttgg 


ggcaggagat 


atgtattccc 


25800 


tgctttgaag 


tggctgaggt 


ccagttatct 


acttccaagt 


actcgtttct 


ccctccggag 


25860 


ttggggaagc 


tccctgcctg 


cccgtaaatg 


tgtccattct 


tcaaccttag 


acaagatcac 


25920 



BNSDCX:iD: <WO 0032773A1_t_> 



wo 00/32773 



28 



PCTAJS99/27990 



10 



15 



20 



25 



30 



tttccctgag cagtcaggcc agtccaaagc cctccaattt agctttcata aggaacaccc 25980 

cttttgttgg gtggaggtag cacttgcctt gaatcccagc accaagaagg cagagacagt 26040 

cggatctctg tgagttcaca gccagccngg tctacggagt gagttccaag acagccaggc 26100 

ctacacagag aaaccccgtc tcgaaaaaaa caaaaacaaa agaaataaag aaaaagaaaa 26160 

caaaaacgaa caaacagaaa aacaagccag agtgtttgtc cccgtatttt attaancata 26220 

tttttgtccc tttgccattt tagactaaaa gactcgggaa agcaggtctc tctctgttcc 26280 

tcatccggac acacccagaa ccagatgtat ggaagatggc taatgtgctg cagttgcaca 2634 0 

tctggggctg ggtggattgg ttagatggca tgggctgggt gtggttacga tgactgcagg 26400 

agcaaggagt atgtggtgca tagcaaacga ggaagtttgc acagaacaac actgtgtgca 26460 

ctgatgtgca ggtatgggca catgcaagca gaagccaagg gacagcctta gggtagtgct 26520 

tccacagacc cctcccccct tttaacatgg gcatctctca ttggcctgga gcttgccaac 26580 

taaactaaac taacrtiaarrr r or ^rrr^.^ rr-r-^ r^rtr^^i-r^i-r^r^^ — 4 . . ^^^.^ 

— — — — — _/ ^ ^ zj ■ 33,^— ^^v-^^-t* v_ t-it, y ^„ i_\-*^^„\_ayi_yu ^DDfiU 

tgggattaca gtcatatatg agcacacctg gcttttttat gtgggttctg ggctttgaac 26700 

ccagatctga gtgcttgcaa ggcaatcggt tgaatgactg cttcatctcc ccagaccctg 26760 

ggattctact ttctattaaa gtatttctat taaatcaatg agcccctgcc cctgcactca 26820 

gcagttctta ggcctgctga gagtcaagtg gggagtgaga gcaagcctcg agaccccatc 26880 

agcgaagcag aggacaaaga aatgaaaact tgggattcga ggctcgggat atggagatac 26940 

agaaagggtc agggaaggaa atgaaccaga tgaatagagg caggaagggt agggccctgc 27000 

atacatggaa cctggtgtac atgttatctg catggggttt gcattgcaat ggctcttcag 27060 

caggttcacc acactgggaa acagaagcca aaaagaagag taggtggtgt tggagtcaga 27120 

tactgtcagt catgcctgaa gaaatggaag caattaacga tgcgccgcaa ttaggatatt 27180 

agctccctga agaaaggcaa gaagctgggc tgtgggcact gaagggagct ttgaatgatg 2724 0 

ticacattctc tgtatgccta gcagggcagt attggagact gagacttgac ttgtgtgtcc 27300 

atatgattcc tccttttcct acagtcatct ggggctcctg agcttcgtcc ttgtccaaga 27360 

acctggagct ggcagtgggc agctgcagtg atagatgtct gcaagaaaga tctgaaaaga 27420 

gggaggaaga tgaaggaccc agaggaccac cgacctctgc tgcctgacaa agctgcagga 27480 

ccagtctctc ctacagatgg gagacagagg cgagagatga acggtcaggg gaggagtcag 2754 0 

agaaaggaga gggtgaggca gagaccaaag gagggaaaca cttgtgctct acagctactg 27600 

actgagtacc agctgcgtgg cagacagcca atgccaaggc tcggccgatc atggcacctc 27660 

gtgggactcc tagcccagtg ctggcagagg ggagtgctga atggtgcatg gtttggatat 27720 

gatctgaatg tggtccagcc ctagtttcct tccagttgct gggataaagc accctgacca 27780 

aagctacttt tttgtttgtt tgttttggtt tggttttgtt tggtttttcg aggcagggtt 27840 

tctctgtatc accctagctg tcccggaact cactctgtag accaggctgg cctcgaactc 27900 

agaaatcccc ctgcctctgc ctcctaagtg ctggaattaa aggcctgcgc caccactgcc 27960 

35 ggcccaaagc tactttaaga gagagagagg aatgtataag tattataatt ccaggccaca 28020 

gttcattgct gtagaattgg agtcttcata ttccaggtaa tctcccacag acacgccaca 28080 
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aaacaacctg ttcnacgaaa tctctcatgg actcccttcc ccagtaattc taaactgtgt 28140 

caaatctaca agaaatagtg acagtcacag tctctaacgt tttgggcacg agtctgaagt 28200 

ctcatcgcta agtactggga agatgaaaac tttacctagt gtcagcattt ggagcagagc 28260 

ctttgggatt tgagatggtc ttttgcagag ctcctaatgg ctacatggag agagggggcc 28320 

tgggagagac ccatacacct tttgctgcct tatgtcacct gacctgctcc ttgggaagct 28380 

ctagcaagaa ggccttccct ggatcaccca ccaccttgca cctccagaac tcagagccaa 28440 

attaaacttt cttgttactg tcgtcaaagc acagtcggtc tgggttgtat cactgtcaat 28500 

gggaaacaga cttgcctgga tggataactt gtacattgca taatgtctag aaatgaaaag 28560 

tcctatagag aaaaagaaaa ttagctggca cacagataga ggccctggag gaggctggct 28620 

ttgtcctccc cgaggaggtg gcgagtaagg tgtaaatgtt catggatgta aatgggccca 28680 

tatatgaggg tccggggtaa caagaaggcc tgtgaatata aagcactgaa ggtatgtcta 2874 0 

atctaaaaaa aatcr-r n^x-r^i-rt-r r^t- <~ r~=^--»-— — < .. 

^- ^^v-v. ^i^u>_uv_ay ui-ijaLdt-cica cacacacaca 28800 

cacacacaca cacacacaca cacacacaca ccacaaagaa aaaaaggaag aaaaatctga 28860 

gagcaagtac agtacttaaa attgcgtgat tgtgtgcgtg actctgatgt cacatgctca 28920 

tcttgcccta tgagttgaaa accaaacggc ccctgagagg cacaacaacc acactgttgg 2898 0 

ctgtgcgctc acgtttttct taaagcgtct gtctggtttg ctgctagcat caggcagact 2904 0 

cgcagcagac tacatatgct cagccctgaa gtccttctag ggtgcatgtc tccccagaat 29100 

ttcagaaagt catctgtggc cccaggaccg cctgcactct ccctctgccg cgaggctgca 291G0 

gactctaggc tggggtggaa gcaacgctta cctctgggac aagtataaca tgttggcttt 29220 

tctttccctc tgtggctcca acctggacat aaaatagatg caagctgtgt aataaacatt 29280 

tcctcccgtc cacttagttc tcaacaataa ctactccgag agcacttatt aataggtggc 29340 

ttagacacaa gctttggccc attcccccac tagctctcac ctctttaact ctttcaaacc 29400 

attctgcgtc ttccacatgg ttagttacct ctccttccat cctggctcgc ctcttcctcc 29460 

gagtcgccct cagtgtctct aggcgatgct tgtaagatat cctttctaca aagctgagag 29520 

tggtggcact ctgggagttc aaagccagcc tgatccacac agcaagctcc aggatatcca 29580 

gggcaatgct gggaaaacct ttctcaaaca aaaagagggg ttcagttgtc aggaggagac 29640 

ccatgggtta agaagtccag acgagccatg gcgatgcata ccctccatcc aagcacttag 29700 

gaggcaaaga aaggtgaaac tctttgactt tgaggccagc taggttacat agtgataccc 29760 

tgcttagtgt gtgtgtgtgt gtgcgtgtgt gcgtgtgtgt gtgtgtaact taaaagtcta 29820 

aaaatgcatt ccttcaaaaa tatgtataag tatttgcctg cacatacgta tgtatgtacg 29880 

tataccatgc gtgtgtctgg tgctgaagga ctaggcatag accccctaga actagagtca 2994 0 

tagacagttg cgacactccc caacccccca ccatgtgggt gcccgaagct aaactcctgt 30000 

cctctgtaaa gcagcaggtg tctacgaacc ctgaaccatc cctccagtct ccagacgtgc 30060 

attctcaaag aggagtcctc catatctccc taaactgaac atccttacca gcgagcaccc 30120 

tcgagtcacc aaagctactg caaaccctct tagggaacat tcactaccca cttctacttg 30180 

gctcacgaaa cttaagcaca cacacacaaa cacacacaca cacacagagt catgcactca 3024 0 
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caaaagcatg 


cacgtacacc 


acccctatta 


gactatgctt 


tgctaaaaga 


ctttcctaga 


30300 


tacttcaaaa 


catcacttct 


gccttttggt 


gggcaggttc 


caagattggt 


actggcgtac 


30360 


tggaaactga 


acaaggtaga 


gatctagaaa 


tcacagcagg 


tcagaagggc 


cagcctgtac 


30420 


aagagagagt 


tccacacctc 


ccaggaacac 


tgagcagggg 


gctgggacct 


tgcctctcag 


30480 


cccaagaaac 


tagtgcgttt 


cctgtatgca 


tgcctctcag 


agattccata 


agatctgcct 


30540 


tctgccataa 


gacctcctgc 


atccagacaa 


gcctagggga 


agttgagagg 


ctgcctgagt 


30600 


ctctcccaca 


ggccccttct 


tgcctggcag 


tattttttta 


tctggaggag 


aggaatcagg 


30660 


gtgggaatga 


tcaaatacaa 


ttatcaagga 


aaaagtaaaa 


aacatatata 


tatatatatt 


30720 


aactgatcta 


gggagctggc 


tcagcagtta 


agagttctgg 


ctgcccttgc 


ttcagatctt 


30780 


gctttgattc 


ccagcaccca 


catgatggct 


ttcaactgta 


tctctgcttc 


caggggatcc 


30840 


aacagcctct 


tctgacctcc 


atagacaaga 


cctagtcctc 


tgcaagagca 


ccaaatgctc 


30900 


t- t- a t- 1- m- f 




ct agccucati 


gccagatcat 


titaaaactac 


tggacactgt 


30960 


cccattttac 


gaagatgtca 


ctgcccagtc 


atttgccatg 


^gtggatatt 


tcgattcttt 


31020 


ctatgttctc 


acccttgcaa 


tttataagaa 


agatatctgc 


atttgtctcc 


tgagagaaca 


31080 


aagggtggag 


ggctactgag 


^tggctctag 


gggtaaaggt 


gcttgccaca 


aaatctgaca 


31140 


acttaagttt 


ggtcttggaa 


tccacatggt 


ggagagagag 


aagagattcc 


cgtaagttgt 


31200 


cctcaaactt 


cccacacatg 


tgctgtggct 


tatgtgtaac 


cccaataagt 


aaagatagtt 


31260 


ttaaacacta 


cataaggtag 


ggtttcttca 


tgaccccaag 


gaatgatgcc 


cctgatagag 


31320 


cttatgctga 


aaccccatct 


ccattgtgcc 


atctggaaag 


agacaattgc 


atcccggaaa 


31380 


cagaatcttc 


atgaatggac 


taatgagcta 


ttaagaaagc 


ggcttggtta 


ttgcacatgc 


31440 


tggcggcgta 


atgacctcca 


ccatgatgtt 


atccagcatg 


aaggtcctca 


ccagaagtca 


31500 


tacaaatctt 


cttaggcttc 


cagagtcgtg 


agcaaaaaaa 


gcacacctct 


aaataaatta 


31560 


actagcctca 


ggtagttaac 


caccgaaaat 


gaaccaaggc 


agttctaata 


caaaaccact 


31620 


tcccttccct 


gttcaaacca 


cagtgcccta 


ttatctaaaa 


gataaacttc 


aagccaagct 


31680 


tttaggttgc 


cagtatttat 


gtaacaacaa 


ggcccgttga 


cacacatctg 


taactcctag 


31740 


tactgggcct 


caggggcaga 


gacaggtgga 


gccctggagt 


ttgaattcca 


ggttctgtga 


31800 


gaaactctgt 


ctgaaaagac 


aatatggtga 


gtgacccggg 


aggatatctg 


atattgactt 


31860 


ctggccaaca 


cacagccatc 


tctgcacacc 


tgtagttgca 


agccttttgc 


actaagtttg 


31920 


gccagagtca 


gagtttgcaa 


gtgcttgtgg 


actgaatgca 


cgtgttgctg 


gtgatctaca 


31980 


aagtcaccct 


ccttctcaag 


ctagcagcac 


tggcttcggc 


cagctgctca 


ttcaagcctc 


32040 


tttgcagagt 


catcacgggg 


atgggggagc 


agggcccctc 


cctagaacac 


caagcctgtg 


32100 


gttgtttatt 


caggacatta 


ttgagggcca 


agatgacaga 


taactctatc 


acttggccaa 


32160 


cagtcgggtg 


t^^gcggtgtt 


aggttatttc 


tgtgtctgca 


gaaaacagtg 


caacctggac 


32220 


aaaagaaata 


aatgatatca 


tttttcattc 


aggcaaccag 


attccgtggt 


acaaaaggct 


32280 


ccctggggaa 


cgaggccggg 


acagcgcggc 


ccccgagtcg 


ccatttccgt 


ctgtcaactt 


32340 


ctctaatctc 


ttgatttcct 


ccctctgtct 


gtttccttcc 


tcttgctggg 


gcccagtgga 


32400 
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gtccgtgtac tcacagggag gagggtggca aagccctggt cctctacggg ctgggggaag 32460 

gggggaagct gtcggcccag tgacttttcc ccctttctct ttttcttaga aaccagtctc 32520 

aatttaagat aatgagtctc ctcattcacg tgtgctcacc attcataggg acttatccac 32580 

ccccgccctg tcaatctggc taagcaagac aagtcaaatt taaaagggaa cgtttttcta 3264 0 

aaaatgtggc tggaccgtgt gccggcacga aaccagggat ggcggtctaa gttacatgct 32700 

ctctgccagc cccggtgcct tttccttccg gaaaggagac ccggaggtaa aacgaagttg 32760 

ccaacttttg atgatggtgt gcgccgggtg actctttaaa atgtcatcca tacctgggat 32820 

agggaaggct cttcagggag tcatctagcc ctcccttcag gaaaagattc cacttccggt 32880 

ttagttagct tccacctggt cccttatccg ctgtctctgc ccactagtcc tcatccaccc 32940 

ggtttccgcc cncatccacc ttgccctttt agttcctaga aagcagcacc gtagtcttgg 33000 

caggtgggcc attggtcact ccgccaccac tgttaccatg gccaccaagg tgtcatttaa 33060 

atst^aaartT af-rnarrt-r-r-t- <~i^o^^=..-^^— ... , ^. . . 

■'^-■^ u^yaci-yyca accicgcccgc cgcaaaaccg 33120 

tgagaactgg agttcaattc ccagcacatg gatgtatttc cagcacctgg aaggcaggga 33180 

gcagagatct taaagctcct ggccagacag cccagcccaa ttagtaatca gtgagagacc 3324 0 

ctgtcccaag aaacaagatg gaacatcaaa ggtcaacctc ttgtctccac acacacaaat 33300 

acacacatgc acatacatcc acacacaggc aaacacatgc acacacctga acaccctcca 33360 

caaatacata cataaaaaaa taaatacaca cacacataca tacatacacc aacattccct 33420 

ctccctagtc tcctggctac gctcttgtca cccccaccaa ggcttcaact tcttctattt 33480 

cttcatcctg actcctccgt actttgcatg ccttttccag caaaggctct tctttaaacc 33540 

tccgtcattc ataaactccc tctaaatctc tccccctgcc cttttcttcc tctctaggga 33600 

gataaagaca cacactacaa agtcaccgtg ggaccagttt attcacccac ccacccccgc 33660 

ttccgttcat ccggccagct aagtagtcca acctctctgg cgctgtaccc tggaccctgg 33720 

ctccaccaca gctcctccat gctacccagc cccgcaaacc ttcagcctag cctctggttc 33780 

tccaaccagc acaggcccag tctggcttct atgtcctaga aacctccctc actctctcca 33840 

ttcccctcct gaatctacca ccttctttcc cccctctcct gacctctaat gtcttggtca 33900 

aacgattaca aggaagccaa tgaaactagc agtttggggt acctcagagt cagcagggga 33960 

gccgggatga attcacattt ccaggccttt gctttgctcc ccggattccg acaggcagtt 34020 

ccgaagctga gtccaggaag ctgaatttaa aatcacactc cagccgggtt ctgaggcagc 34080 

cccaccacat cagctggccc tgactgagct gtgtctgggt ggcagtggtg ccggcggtgc 3414 0 

tggtggtgct ggtggtggtg gtggtggtgg tggtggtggt ggtggcggtg tgtgtgtgtg 34200 

ttttccgctt ttacaaaact tttctaatcc ttatacaaag gacaaacctg cctcatatag 34260 

gcagaaagat gacttatgcc tatacaagac ataaagatga ctttatgcca cttactagca 34320 

acagctactg tcaaaagtaa ttctatttat acacccttat acatggcatt gcttttgttg 34380 

gagactctaa aatccagatt acgtatttaa aaaaaaattc cccagtcccc aaaaggtgaa 34440 

gaatggaccc agacagaagg tcacggcaca agtacggagt cggagcgcgg agtcccgcca 34500 

acggtctgga cagaagcatc cagagagggt ccaagacaaa tgcctcgccc cctaaggaac 3456 0 
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actggcagcc ctgatgaggt accagagatt gctaagtgga ggaatacagg atcagaccca 34620 

tggaggggct taaagcgtga ctgtagcagc cctccgctga ggggctccag gtgggcgccc 34680 

aaggtgctgc agtgggagcc acatgagagg tgatgtcttg gagtcacctc gggraccatt 34740 

gtttagggag gtggggattt gtggtgtgga gacaggcagc ctcaaggatg cttttcaaca 34800 

atggttgatg agttggaact aaaacagggg ccatcacact ggctcccata gctctgggct 34860 

tgccagcttc cacatctgcc ccccaccccc tgtctggcac cagctcaagc tctgtgattc 34920 

tacacatcca aaagaggaag agtagcctac tgggcatgcc acctcttctg gaccatcagg 34980 

tgagagtgtg gcaagcccta ggctcccgtc caggatgcag ggctgccaga taggatgctc 3504 0 

agctatctcc tgagctggaa ctattttagg aataaggatt atgcccgccc ggggttggcc 35100 

agcaccccag cagcctgtgc ttgcgtaaaa gcaagtgctg ttgatttatc taaaaacaga 35160 

gccgtggacc cacccacagg acaagtatgt atgcatctgt ttcatgtatc tgaaaagcga 35220 

CBHririnnRr f r r t n?in?^^ l-rrr-rr'jst-r'l-i-/^ /-**- .^.^^^ ^. - 

— ww^^w V. o^-iw^^^^_t^a I- (-(-u uLULiiy ccccgccccc 

ttgagacagg gtttctctgt gtagtcctgg ctgtcctgga actcactttg tagaccaggc 3534 0 

tggcctcgaa ctcagaaatc ctgggattaa aggtgtgtgc caccacgccc ggccctaacc 354 00 

cccattctta atggtgatcc agcggttgaa atttcgggcc acacacatgt ccattaggga 35460 

ttagctgctg ccttctgagc tacctggtac aatctttatc ccctggggcc tgggctcctg 35520 

atccctgact cgggcccgat caagtccagt tcctgggccc gatcaagtcc agttcctggg 35580 

cccgaacaag tccagtccct agctcgatta gctcatcctg gctccctggc ctgttcttac 35640 

ttacactctt ccccttgctc tggacttgtt gctttcttta ctcaagttgt ctgccacagt 35700 

ccctaagcca cctctgtaag acaactaaga taatacttcc ctcaagcacg gaaagtcctg 35760 

agtcaccaca ccctctggag gtgtgtggac acatgttcat gcgcgtggtt gcgcttacgt 35820 

acgtgtgc 35^28 

<210> 18 
25 <211> 9301 

<212> DNA 
<213> Homo sapien 
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<400> 18 

tagaggagaa gtctttgggg agggtttgct ctgagcacac ccctttccct ccctccgggg 60 

ctgagggaaa catgggacca gccctgcccc agcctgtcct cattggctgg catgaagcag 120 

agaggggctt taaaaaggcg accgtgtctc ggctggagac cagagcctgt gctactggaa 180 

ggtggcgtgc cctcctctgg ctggtaccat gcagctccca ctggccccgt gtctcgtctg 24 0 

cctgctggta cacacagcct tccgtgtagt ggagggccag gggtggcagg cgttcaagaa 300 

tgatgccacg gaaatcatcc ccgagctcgg agagtacccc gagcctccac cggagccgga 360 

gaacaacaag accatgaacc gggcggagaa cggagggcgg cctccccacc acccctttga 42 0 
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840 
900 
960 



gaccaaaggt atggggtgga ggagagaatc cttagtaaaa gaccctgggg aggttttaga 48 0 

aacttctctt tgggaggctt ggaagactgg ggcagaccca gtgaagattg ctggcccctg 54 0 
ccagcactgg tcgaggaaca gccttgcctg gaggtggggg aagaatggct cgccggtgca 
gccttcaaat tcaggtgcag aggcatgagg caacagacgc tggtgagagc ccagggcagg 

gaggacgctg gggtggtgag ggtatggcat cagggcatca gaacaggctc aggggctcag 72 0 

aaaagaaaag gtttcaaaga atctcctcct gggaatatag gagccacgtc cagctgctgg 780 
taccactggg aagggaacaa ggtaagggag cctcccatcc acagaacagc acctgtgggg 
caccggacac tctatgctgg tggtggctgt ccccaccaca cagacccaca tcatggaatc 
cccaggaggt gaacccccag ctcgaagggg aagaaacagg ttccaggcac tcagtaactt 

. ggtagtgaga agagctgagg tgcgaacctg gtttgatcca actgcaagat agccctggtg 1020 

tgtggggggg tgtgggggac agatctccac aaagcagtgg ggaggaaggc cagagaggca 108 0 

cccctQcaat atacattacc canaaanran nn^rtrm^r^r^r- ^ . 

- - - - - =j=jz3^^^^ t_ aa yyaauyyycty liftu 

ttttcggcac agttttagcc cctgacatgg gtgcagctga gtccaggccc tggaggggag 1200 

agcagcatcc tctgtgcagg agtagggaca tctgtcctca gcagccaccc cagtcccaac 1260 

cttgcctcat tccaggggag ggagaaggaa gaggaaccct gggttcctgg tcaggcctgc 1320 

acagagaagc ccaggtgaca gtgtgcatct ggctctataa ctggcaggaa tcctgaggcc 1380 

atgggggcgt ctgaaatgac acttcagact aagagcttcc ctgtcctctg gccattatcc 1440 

aggtggcaga gaagtccact gcccaggctc ctggacccca gccctccccg cctcacaacc 1500 

tgttgggact atggggtgct aaaaagggca actgcatggg aggccagcca ggaccctccg 1560 

tcttcaaaat ggaggacaag ggcgcctccc cccacagctc cccttctagg caaggtcagc 1620 

tgggctccag cgactgcctg aagggctgta aggaacccaa acacaaaatg tccaccttgc 1680 

tggactccca cgagaggcca cagcccctga ggaagccaca tgctcaaaac aaagtcatga 1740 

tctgcagagg aagtgcctgg cctaggggcg ctattctcga aaagccgcaa aatgccccct 1800 

cccctgggca aatgcccccc tgaccacaca cacattccag ccctgcagag gtgaggatgc 1860 

aaaccagccc acagaccaga aagcagcccc agacgatggc agtggccaca tctcccctgc 1920 

tgtgcttgct cttcagagtg ggggtggggg gtggccttct ctgtcccctc tctggtttgg 1980 

tcttaagact atttttcatt ctttcttgtc acattggaac catccccatg aaacctttgg 2040 

gggtggactg gtactcacac gacgaccagc tatttaaaaa gctcccaccc atctaagtcc 2100 

accataggag acatggtcaa ggtgtgtgca ggggatcagg ccaggcctcg gagcccaatc 2160 

tctgcccgcc cagggagtat caccatgagg cgcccactca gataacacag aacaagaaat 2220 

gtgcccagca gagagccagg tcaatgtttg tggcagctga acctgtaggt tttgggtcag 2280 

agctcagggc ccctatggta ggaaagtaac gacagtaaaa agcagccctc agctccatcc 234 0 

cccagcccag cctcccatgg atgcccgaac gcagagcctc cactcttgcc ggagccaaaa 24 00 

ggtgctggga ccccagggaa gtggagtccg gagatgcagc ccagcctttt gggcaagttc 2460 

ttttctctgg ctgggcctca gtattctcat tgataatgag ggggttggac acactgcctt 2520 

tgattccttt caagtctaat gaattcctgt cctgatcacc tccccttcag tccctcgcct 2580 
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ccacagcagc 


tgccctgat t 


tattaccttc 


aattaacctc 


tactcctttc 


tccaccccct 


2640 


gtccacccct 


cccaagtggc 


tggaaaagga 


attcgggaga 


agccagagcc 


aggcagaagg 


2700 


tgtgctgagt 


acttaccctg 


cccaggccag 


ggaccctgcg 


gcacaagtgt 


ggct taaatc 


2760 


ataagaagac 


cccagaagag 


aaatgataat 


aataacacat 


aacagccgac 


gctctcagct 


2820 


atatgtgcca 


aatggtatct 


tctgcattgc 


gtgtgtaacg 


gatcaactcg 


caatgcttgg 


2880 


99cggcccat 


tttgcagaca 


ggaagaagag 


agaggttaag 


gaacttgccc 


aagatgacac 


2940 


ctgcagtgag 


cgatggagcc 


ctggtgtttg 


aaccccagca 


gtcatttggc 


tccgagggga 


3000 


cagggtgcgc 


aggagagctt 


tccaccagct 


ctagagcatc 


tgggaccttc 


ctgcaataga 


3060 


tgttcagggg 


caaaagcctc 


tggagacagg 


cttggcaaaa 


gcagggctgg 


ggtggagaga 


3120 


gacgggccgg 


tccagggcag 


gggcggccag 


gcgggcggcc 


accctcacgc 


gcgcctctct 


3180 


ccacagacgt 


gtccgagtac 


agctgccgcg 


agctgcactt 


cacccgctac 


gtgaccgatg 


3240 


ggccgtgccg 


cagcgcrcaag 


— — — 3 


agctiggt gt g 


ctccgg ccag 


tgcggcccgg 


3300 


cgcgcctgct 


gcccaacgcc 


atcggccgcg 


gcaagtggtg 


gcgacctagt 


gggcccgact 


3360 


tccgctgcat 


ccccgaccgc 


taccgcgcgc 


agcgcgtgca 


gctgctgtgt 


cccggtggtg 


3420 


aggcgccgcg 


cgcgcgcaag 


gtgcgcctgg 


tggcctcgtg 


caagtgcaag 


cgcctcaccc 


3480 


gcttccacaa 


ccagtcggag 


ctcaaggact 


tcgggaccga 


ggccgctcgg 


ccgcagaagg 


3540 


gccggaagcc 


gcggccccgc 


gcccggagcg 


ccaaagccaa 


ccaggccgag 


ctggagaacg 


3600 


cctactagag 


cccgcccgcg 


cccctcccca 


ccggcgggcg 


ccccggccct 


gaacccgcgc 


3660 


cccacatttc 


tgtcctctgc 


gcgtggtttg 


attgtttata 


tttcattgta 


aatgcctgca 


3720 


acccagggca 


gggggctgag 


accttccagg 


ccctgaggaa 


tcccgggcgc 


cggcaaggcc 


3780 


cccctcagcc 


cgccagctga 


99ggtcccac 


ggggcagggg 


agggaattga 


gagtcacaga 


3840 


cactgagcca 


cgcagccccg 


cctctggggc 


cgcctacctt 


tgctggtccc 


acttcagagg 


3900 


aggcagaaat 


ggaagcattt 


tcaccgccct 


ggggttttaa 


gggagcggtg 


tgggagtggg 


3960 


aaagtccagg 


gactggttaa 


gaaagttgga 


taagattccc 


ccttgcacct 


cgctgcccat 


4020 


cagaaagcct 


gaggcgtgcc 


cagagcacaa 


gactgggggc 


aactgtagat 


gtggtttcta 


4080 


gtcctggctc 


tgccactaac 


ctgctgtgta 


accttgaact 


acacaattct 


ccttcgggac 


4140 


ctcaatctcc 


actttgtaaa 


atgagggtgg 


aggtgggaat 


aggatctcga 


ggagactatt 


4200 


ggcatatgat 


tccaaggact 


ccagtgcctt 


ttgaatgggc 


agaggtgaga 


gagagagaga 


4260 


gaaagagaga 


gaatgaatgc 


agttgcattg 


attcagtgcc 


aaggtcactt 


ccagaattca 


4320 


gagttgtgat 


gctctcttct 


gacagccaaa 


gatgaaaaac 


aaacagaaaa 


aaaaaagtaa 


4380 


agagtctatt 


tatggctgac 


atatttacgg 


ctgacaaact 


cccggaagaa 


gctatgctgc 


4440 


ttcccagcct 


ggcttccfccg 


gatgtttggc 


tacctccacc 


cctccatctc 


aaagaaataa 


4500 


catcatccat 


tggggtagaa 


aaggagaggg 


tccgagggtg 


gtgggaggga 


tagaaatcac 


4560 


atccgcccca 


acttcccaaa 


gagcagcacc 


cctcccccga 


cccatagcca 


tgttttaaag 


4620 


tcaccttccg 


aagagaagtg 


aaaggttcaa 


ggacactggc 


cttgcaggcc 


cgagggagca 


4680 


gccatcacaa 


actcacagac 


cagcacatcc 


cctttgagac 


accgccctct 


gcccaccact 


4740 
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cacggacaca 
ttacactaaa 
tgcagagcat 
tactttctgt 
5 tatgaaagcc 
aagaacgaaa 
atttatgcaa 
agtctgttct 
gatgtggtct 
10 tcttggtcac 
ggcaattatg 
citititictitic a c 
ccatgctggc 
tagctccccc 

15 gcttgactcc 
ccctgcttcc 
aggattcaca 
gatccctctc 
ttctgttttc 

20 ctggcataga 
tcttcgaagt 
agcctcctgc 
tagctgagtt 
ggtgggatgg 

25 cccacaaaga 
ttgaattaat 
cttcctgggg 
catgagtgtc 
ctgagaggca 

30 tgtttgtttg 
atctcggctt 
cagagtagct 
agagacgggg 
gcctgcctcg 

35 ggttggtgtt 
catacttggg 
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tttctgccta gaaaacagct 
agaatattat tgggggaaaa 
aatagctgcc acccaaaaat 
gtagttttta attgttaaaa 
tgcaggactg gtcgcttttt 
gtagtggttt ttaaagagtt 
aagtttttcc tgtagagaat 
tccagagtcc agagacattg 
cattttgtca accacacatg 
tagagctcca accttggaca 
tcttcctttg aaaagtcatg 
ccagggcatg gtaataacct 
ttccaaaatg ctgttctcat 
ttgcccagga tcaagtgcag 
cacctcccac tccaccaagc 
ttagtttgcc atccacactt 
ttacttgtca tctcttcccc 
tcctctgagg ttccagcccc 
catttgacag tcattcatgg 
caacacaaag ccaagtacaa 
gtggatttga tgcctcctgg 
acttctctca aagtctcgcc 
agcatcttca gatgaagagt 
tcaactggaa agctttaaat 
aagctgaggt ccctcctgat 
catcatcatc aagtctttga 
ctccagcccc cgaggaggcc 
tcagggccca gaatatgaga 
gtgcggtcca gtgggtgggg 
ttttgagaca gagtctcgct 
actgcaactt ctgccttccc 
gggattacag gtgcgtgcca 
tttcaccatg ttggccaggc 
gcctcccaaa gtgctgggat 
tgaatctgag gagactgaag 
ctcagttcct tgccctaccc 



tcttactgct cttacatgtg 
actacaagtg ctgtacatat 
ctttttgaaa atcatttcca 
aaaaaaagtt ttaaacagaa 
tggcaattct tccacgtggg 
aagttacata tttattttct 
gacaatgtta atattgcttt 
ttaataaaga caatgaatca 
acgtcatttc tgtcaaagtt 
caccttcgac tgctctctgg 
tttatccctt cctttccaaa 
cagccrcgta tccttttagc 
tgtatcactc ccctgctcaa 
tttccctatc tgacatggga 
ttcctactga ctccaaatgg 
agcaccccca ataactaatc 
taaccttcca gagatgttcc 
ttttgtctac accactactt 
aggaccagcc tggccaagtc 
ttcaggacca gctcacagga 
gtagaaatgt aggatcttca 
tccccaaggt gtcttaatag 
aaccctaaag ttactcttca 
taagcccagc ctaccttggg 
gacttgtcag tttaactacc 
taggtgtgag cgggtatcag 
tcagtgagcc cctgcagaaa 
gcaggtagga aacagagaca 
acacgggctc tgggtcaggt 
ctattgccca ggctggagtg 
ggattcaagt gattctcctg 
ccacgcctgg ctaatttttg 
tagtctcgaa ctcttgacct 
tacaggcgtg agccaccaca 
caccaagggg ttaaatgttt 
ctcacttgag ctgcttagaa 



atggcatatc 


4800 


gctgagaaac 


4860 


gacaacctct 


4920 


gcacatgaca 


4980 


acttgtccac 


5040 


cacttaagtt 


5100 


atgaattaac 


5160 


tgaccgaaag 


5220 


gacacccttc 


5280 


tcroccct tat 


534 0 


cccagaccgc 


54 00 


acf cctcccct 


54 6 0 


aagcct t cca 


5520 


Qacct t ctcrr 

J ^» W V* V** w w> w 


558 0 


tcatgcagat 


5640 


ctctttcttt 


5700 


aat ctcccat 


5760 


tggttcctaa 


5820 


ctgctt agta 


5880 


aacttcatct 


5940 


aaagtgggcc 


6000 


tqctggatqc 


6060 


gttgccccaa 


6120 


ggaacccacc 


6180 


aataacccac 


6240 


tggccggtcc 


6300 


atccatgcat 


6360 


tcttccatcc 


6420 


ttgtgttgtt 


6480 




c c 4 n 


cctcagcctc 


6600 


tatttttgat 


6660 


caagtgatct 


6720 


cccagcccca 


6780 


tgcccacagc 


6840 


cctggtgggc 


6900 
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10 



15 



20 



25 



30 



35 



acatgggcaa 


taaccaggtc 


acactgtttt 


gtaccaagtg 


ttacgggaat 


ccaagatagg 


6960 


agtaatttgc 


tctgtggagg 


ggatgaggga 


tagtggttag 


ggaaagcttc 


acaaagtggg 


7020 


tgttgcttag 


agattttcca 


ggtggagaag 


ggggcttcta 


ggcagaaggc 


atagcccaag 


7080 


caaagactgc 


aagtgcatgg 


ctgctcatgg 


gtagaagaga 


atccaccatt 


cctcaacatg 


7140 


taccgagtcc 


ttgccatgtg 


caaggcaaca 


tgggggtacc 


aggaattcca 


agcaatgtcc 


7200 


aaacctaggg 


tctgctttct 


gggacctgaa 


ganacaggat 


ggatcagccc 


aggctgcaat 


7260 


cccattacca 


cgagggggaa 


aaaaacctga 


aggctaaatt 


gtaggtcggg 


ttagaggtta 


7320 


tttatggaaa 


gttatattct 


acctacatgg 


ggcctataag 


cctggcgcca 


atcagaaaag 


7380 


gaacaaacaa 


cagacctagc 




agcattttgt 


tgtagggggc 


ggggcacatg 


7440 


ttcngggggt 


acagccagac 


ccagggcttg 


tattaatagt 


ctgagagtaa 


gacagacaga 


7500 


99gatagaag 


gaaataggtc 


cctttctctc 


tctctctctc 


tctctctctc 


actctctctc 


7560 


tctctcacac 


acacacacag 


a ca c a c a c a c 


— 


ggggtct act 


tacgctccaa 


7620 


gtacaaatca 


ggccacattt 


acacaaggag 


gtaaaggaaa 


agaacgttgg 


aggagccaca 


7680 


ggaccccaaa 


attccctgtt 


ttccttgaat 


caggcaggac 


ttacgcagct 


gggagggtgg 


7740 


agagcctgca 


gaagccacct 


gcgagtaagc 


caagttcaga 


gtcacagaca 


ccaaaagctg 


7800 


gtgccatgtc 


ccacacccgc 


ccacctccca 


cctgctcctt 


gacacagccc 


tgtgctccac 


7860 


aacccggctc 


ccagatcatt 


gattatagct 


ctggggcctg 


caccgtcct t 


cctgccacat 


7920 


ccccacccca 


ttcttggaac 


ctgccctctg 


tcttctccct 


tgtccaaggg 


caggcaaggg 


7980 


ctcagctatt 


gggcagcttt 


gaccaacagc 


t^gaggctcct 


tttgtggctg 


gagatgcagg 


8040 


aggcagggga 


atattcctct 


tagtcaatgc 


gaccatgtgc 


ctggtttgcc 


cagggtggtc 


8100 


tcgtttacac 


ctgtaggcca 


agcgtaatta 


ttaacagctc 


ccacttctac 


tctaaaaaat 


8160 


gacccaatct 


gggcagtaaa 


ttatatggtg 


cccatgctat 


taagagctgc 


aacttgctgg 


8220 


gcgtggtggc 


tcacacctgt 


aatcccagta 


ctttgggacg 


tcaaggcggg 


tggatcacct 


8280 


gaggtcacga 


gttagagacc 


ggcctggcca 


gcatggcaaa 


accccatctt 


tactaaaaat 


8340 


acaaaaatta 


gcaaggcatg 


gtggcatgca 


cctgtaatcc 


caggtactcg 


ggaggctgag 


8400 


acaggagaat 


ggcttgaacc 


caggaggcag 


aggttgcagt 


gagccaagat 


tgtgccactg 


8460 


ccctccagcc 


ctggcaacag 


agcaagactt 


catctcaaaa 


gaaaaaggat 


actgtcaatc 


8520 


actgcaggaa 


gaacccaggt 


aatgaatgag 


gagaagagag 


gggctgagtc 


accatagtgg 


8580 


cagcaccgac 


tcctgcagga 


aaggcgagac 


accgggtcat 


gggtactgaa 


gggtgccctg 


8640 


aatgacgttc 


tgctttagag 


accgaacctg 


agccctgaaa 


gtgcatgcct 


gttcatgggt 


8700 


gagagaccaa 


attcatcatt 


ccttggcagg 


tactgaatcc 


t ttcttacgg 


ctgccctcca 


8760 


atgcccaact 


tccctacaat 


cgtctggggt 


gcctaagctt 


ctgcccacca 


agagggccag 


8820 


agctggcagc 


gagcagctgc 


aggtaggaga 


gataggtacc 


cataagggag 


gtgggaaaga 


8880 


gagatggaag 


gagaggggtg 


cagagcacac 


acctcccccg 


cctgacaact 


tcctgagggc 


8940 


tggtcatgcc 


agcagattta 


aggcggaggc 


aggggagatg 


gggcgggaga 


ggaagtgaaa 


9000 


aaggagaggg 


cggggatgga 


gaggaagaga 


gggtgatcat 


tcattcattc 


cattgctact 


9060 
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gaccggatgc cagctgtgag ccaggcacca ccctagctct gggcatgtgg tcgcaatctt 9120 

ggagcctcat ggagctcaca gggagtgctg gcaaggagat ggataatgga cggataacaa 9180 

ataaacattt agtacaatgt ccgggaatgg aaagttctcg aaagaaaaat aaagctggcg 9240 

agcatataga cagccctgaa ggcggccagg ccaggcattt ctgaggaggt ggcatttgag 9300 

^ 9301 

<210> 19 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 

15 <400> 19 

ccggagctgg agaacaacaa g 2^ 

<210> 20 
<211> 19 
20 <212> DNA 

<213> Artificial Sequence 

<220> 

<223> PRimer for PCR 

<400> 20 
gcactggccg gagcacacc 



25 



19 



<210> 21 
30 <211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

35 <223> Primer for PCR 
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<400> 21 
aggccaaccg cgagaagatg acc 

<210> 22 
5 <211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 

<400> 22 
gaagtccagg gcgacgtagc a 

i5 <210> 23 

<211> 25 
<212> DNA 

<213> Artificial Sequence 

20 <220> 

<223> Primer for PCR 

<400> 23 
aagcttggta ccatgcagct cccac 



25 



30 



23 



21 



25 



<210> 24 
<211> 50 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 



<400> 24 

35 aagcttctac ttgtcatcgt cgtccttgta gtcgtaggcg ttctccagcc 



50 
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<210> 25 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<22 3> Primer for PCR 

<400> 25 
gcactggccg gagcacacc 

<210> 26 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 



20 <400> 26 

gtcgtcggat ccatggggtg gcaggcgttc aagaatgat 

<210> 27 
<211> 57 
25 <212> DNA 

<213> Artificial Sequence 

<220> 

<223> Primer for PCR 



15 



30 



35 



19 



39 



<400> 27 

lacttgt catCQtcctt or-aat-r-m-s.^ 

57 



gtcgtcaagc ttctacttgt catcgtcctt gtagtcgtag gcgttcccca gctcggc 



<210> 28 
<211> 29 
<212> DNA 
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:5 



<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 28 

gacttggatc ccaggggtgg caggcgttc 



<210> 29 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

^5 <223> Primer for PCR 

<400> 29 

agcataagct tctagtaggc gttctccag 

20 <210> 30 

<211> 29 
<212> DNA 

<213> Artificial Sequence 

25 <220> 

<223> Primer for PCR 

<400> 30 
gacttggatc cgaagggaaa aagaaaggg 



30 



35 



<210> 31 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 



29 



29 



29 
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41 

<223> Primer for PCR 

<400> 31 
agcataagct tttaatccaa atcgatgga 

<210> 32 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 32 

actacgagct cggccccacc acccatcaac aag 

<210> 33 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 33 

acttagaagc tttcagtcct cagccccctc ttcc 

<210> 34 
<211> 66 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 



<400> 34 
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15 



20 



<210> 36 
<211> 62 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PGR 



<400> 36 

25 atttaggtga cactatagaa ctcgagcagc tgaagcttaa ccacatggtg gctcacaacc 
at 

<210> 37 
<211> 54 
30 <212> DNA 



35 



<213> Artificial Sequenc 
<220> 

<223> Primer for PGR 
<400> 37 



e 



60 
66 



aatctggatc cataacttcg tatagcatac attatacgaa gttatctgca ggattcgagg 
gcccct 

<210> 35 
5 <211> 82 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PGR 
<400> 35 

aatctgaatt ccaccggtgt taattaaata acttcgtata atgtatgcta tacgaagtta 60 
tagatctaga gtcagcttct ga 



82 



60 
62 
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aacgacggcc agtgaatccg taatcatggt cacgctgcca ggtggaggag ggca 



54 



<210> 38 

<211> 31 <212> DNA 

5 <213> Artificial Sequence 

<220> 

<22 3> Primer for PCR 

10 <400> 38 

attaccaccg gtgacacccg cttcctgaca g 

<210> 39 
<211> 61 
15 <212> DNA 

<213> Artificial Sequence 

<220> 

<22 3> Primer for PCR 

20 



35 



31 



<400> 39 

attacttaat taaacatggc gcgccatatg gccggcccct aattgcggcg catcgttaat 60 

t 

61 

25 <210> 40 

<211> 34 
<212> DNA 

<213> Artificial Sequence 

30 <220> 

<223> Primer for PCR 

<400> 40 

attacggccg gccgcaaagg aattcaagat ctga 



34 

<210> 41 
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<211> 34 
<212> DNA 

<213> Artificial - Sequence 

5 <220> 

<223> Primer for PGR 

<400> 41 

attacggcgc gcccctcaca ggccgcaccc agct 3 
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COMPOSITIONS AND METHODS FOR INCREASING BONE MITsnER^^LIZATION 

TECHNICAL FIELD 

The present invention relates generally to pharmaceutical products and 
5 methods and, more specifically, to methods and compositions suitable for increasing 
the mineral content of bone. Such compositions and methods may be utilized to treat a 
wide variety of conditions, including for example, osteopenia, osteoporosis, fractures 
and other disorders in which low bone mineral density are a hallmark of the disease. 

BACKGROUND OF THE INVENTION 

Two or three distinct phases of changes to bone mass occur o\ er the life 
of an individual (see Riggs, Wesf J, Med /iV:63-77, 1991). The first phase occurs in 
both men and women, and proceeds to attainment of a peak bone mass. This first phase 
is achieved through linear growth of the endochondral growth plates, and radial growth 
due to a rate of periosteal apposition. The second phase begins around age 30 for 

15 trabecular bone (flat bones such as the vertebrae and pelvis) and about age 40 for 
cortical bone (e.^., long bones found in the limbs) and continues to old age. This phase 
is characterized by slow bone loss, and occurs in both men and women. In women, a 
third phase of bone loss also occurs, most likely due to postmenopausal estrogen 
deficiencies. During this phase alone, women may lose an additional 10% of bone 

20 mass from the cortical bone and 25% from the trabecular companment (see Riggs, 
si/pra). 

Loss of bone mineral content can be caused by a wide variety of 
conditions, and may result in significant medical problems. For example, osteoporosis 
is a debilitating disease in humans characterized by marked decreases in skeletal bone 

25 mass and mineral density, structural deterioration of bone including degradation of 
bone microarchitecture and corresponding increases in bone fragility and susceptibility 
to fracture in afflicted individuals. Osteoporosis in humans is preceded by clinical 
osteopenia (bone mineral density that is greater than one standard deviation but less 
than 2.5 standard deviations below the mean value for young adult bone), a condition 

30 found in approximately 25 million people in the United States. Another 7-8 million 
patients in the United States have been diagnosed with clinical osteoporosis (defined as 
bone mineral content greater than 2.5 standard deviations below that of m.ature young 
adult bone). Osteoporosis is one of the most expensive diseases for the health care 
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system, costing tens of billions of dollars annually in the United States. In addition to 
health care-related costs, long-term residential care and lost working days add to the 
financial and social costs of this disease. Worldwide approximately 75 million people 
are at risk for osteoporosis. 

The frequency of osteoporosis in the human population increases with 
age. and among Caucasians is predominant in women (who comprise 80% of the 
osteoporosis patient pool in the United States). The increased fragility and 
susceptibility to fracture of skeletal bone in the aged is aggravated by the greater risk of 
accidental falls in this population. More than 1.5 million osteoporosis-related bone 
fractures are reported in the United States each year. Fractured hips, wrists, and 
vertebrae are among the most common injuries associated with osteoporosis. Hip 
fractures in particular are extremelv uncomfnnflhlp anH pvo^^cw-* ♦v,-, 

— ~--f^-'^^t ^ \, L\ji tin, jjaiiciii, diiu 

for women correlate with high rates of mortality and morbidity. 

Although osteoporosis has been defined as an increase in the risk of 
fracture due to decreased bone mass, none of the presently available treatments for 
skeletal disorders can substantially increase the bone density of adults. There is a 
strong perception among all physicians that drugs are needed which could increase 
bone density in adults, particularly in the bones of the wrist, spinal column and hip that 
are at risk in osteopenia and osteoporosis. 

Current strategies for the prevention of osteoporosis may offer some 
benefit to individuals but cannot ensure resolution of the disease. These strategies 
include moderating physical activity (particularly in weight-bearing activities) with^the 
onset of advanced age, including adequate calcium in the diet, and avoiding 
consumption of products containing alcohol or tobacco. For patients presenting with 
clinical osteopenia or osteoporosis, all current therapeutic drugs and strategies are 
directed to reducing further loss of bone mass by inhibiting the process of bone 
absorption, a natural component of the bone remodeling process that occurs 
constitutively. 

For example, estrogen is now being prescribed to retard bone loss. 
There is, however, some controversy over whether there is any long term benefit to 
patients and whether there is any effect at all on patients over 75 years old. Moreover, 
use of estrogen is believed to increase the risk of breast and endometrial cancer. 

High doses of dietary calcium, with or without vitamin D has also been 
suggested for postmenopausal women. However, high doses of calcium can often have 
unpleasant gastrointestinal side effects, and serum and urinary calcium levels must be 
continuously monitored (see Khosla and Rigss, Mayo Clin. Proc. ^0:978-982, 1995). 
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Other therapeutics which have been suggested include calcitonin 
bisphosphonates. anabolic steroids and sodium fluoride. Such therapeutics however 
have undesirable side effects (e.g., calcitonin and steroids may cause nausea and 
provoke an immune reaction, bisphosphonates and sodium fluoride may inhibit repair 
of fractures, even though bone density increases modestly) that may prevent their usaue 
(see Khosla and Rigss, .supra). 

No currently practiced therapeutic strategy involves a drug that 
stimulates or enhances the growth of new bone mass. The present invention provides 
compositions and methods which can be utilized to increase bone mineralization and 
thus may be utilized to treat a wide variety of conditions where it is desired to increase 
bone mass. Further, the present invention provides other, related advantages. 

SUMMARY OF THE INVENTION 

As noted above, the present invention provides a novel class or family of 
TGF-beta binding-proteins, as well as assays for selecting compounds which increase 
bone mmeral content and bone mineral density, compounds which increase bone 
mmeral contem and bone mineral density and methods for utilizing such compounds in 
the treatment or prevention of a wide variety of conditions. 

Within one aspect of the presem invention, isolated nucleic acid 
molecules are provided, wherein said nucleic acid molecules are selected from the 
20 group consisting of (a) an isolated nucleic acid molecule comprising sequence ID Nos. 
1, 5, 7, 9, 11, 13, or, 15, or complementary sequence thereof; (b) an isolated nucleic 
acid molecule that specifically hybridizes to the nucleic acid molecule of (a) under 
conditions of high stringency; and (c) an isolated nucleic acid that encodes a TGF-beta 
binding-protem according to (a) or (b). Within related aspects of the present invention 
25 isolated nucleic acid molecules are provided based upon hybridization to only a portion 
of one of the above-identified sequences (e.g., for (a) hybridization may be to a probe 
of at least 20. 25, 50, or 100 nucleotides selected from nucleotides 156 to 539 or 555 to 
687 of Sequence ID No. 1). As should be readily evident, the necessary stringency to 
be utilized for hybridization may vary based upon the size of the probe. For example, 
for a 25-mer probe high stringency conditions could include: 60 mM Tris pH 8.0, 2 
mM EDTA, 5x Denhardfs, 6x SSC, 0.1% (w/v) N-laurylsarcosine, 0.5% (w/v) NP-40 
(nonidet P-40) overnight at 45 degrees C, followed by two washes with with 0.2x SSC 
/ 0.1% SDS at 45-50 degrees. For a 100-mer probe under low stringency conditions, 
suitable conditions might include the following: 5x SSPE, 5x Denhardfs, and 0.5% 
SDS overnight at 42-50 degrees, followed by two washes with 2x SSPE (or 2x SSC) 
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10. 1% SDS at 42-50 degrees. 

Within related aspects of the present invention, isolated nucleic acid 
molecules are provided which have homology to Sequence ID Nos 1 W 9 ]] 13 or 
15 at a 500/0, eo%, ISV., S0%, 90o/„, 95o/„, or 9SV. level of homology utihzing a 
3 W, bur-L.pman algorithm. Representative examples of such isolated molecules 
include, for example, nucleic acid molecules which encode a protein comprising 
Sequence ID NOs. 2, 6 10 1^ 14 or lA r^r h^.,^ u i , ^' ^ 

, , ^ . 14, or 16, or have homology to these sequences at a 

level of 50%, 60%, 75%, 80% 90% 950/n nr qro/ , r . , . 
, . ' ^^'^^^ or 98% level of homology utilizing a 

Lipman-Pearson algorithm. ^ 

Isolated nucleic acid molecules are typically less than lOOkb in size and 
wthm cenain embodiments, less than 50kb, 25kb, lOkb, or even 5kb in size Further' 

isolated nucleic acid molecules, within other «mh.^H;^»„.. ^ ... . .... .! 

- tivj uui cAiM III a norary 

of other unrelated nucleic acid molecules (..^., a subclone BAC such as described in 
Ger^Bank Accession No. AC003098 and EMB No. AQ171546). However, isolated 
13 nuc^.c acid molecules can be found in libraries of related molecules for 

f^TA.T u ^ ' '^^^"^ 5,830,72.; and 

5,8 1,2.8). Finally, isolated nucleic acid molecules as described herein do not include 

P™^''^^'^ P'-esent invention are cloning vectors which 

contain the above-noted nucleic acid molecules, and expression vectors which comprise 
a promoter (e.g., a regulatory sequence) operably linked to one of the above-noted 
nucl^c acid molecules. Representative examples of suitable promoters include tissue- 

CMV I-E. SV40 early promoter, and MuLV LTR). Expression vectors may also be 
based upon, or derived from viruses (..^., a "viral vector"). Representative examples 
of v.ral vectors include herpes simplex viral vectors, adenoviral vectors, adenovirus- 
assocated viral vectors and retroviral vectors. Also provided are host cells containing 
or comprtsing any of above-noted vectors (includmg for example, host cells of human^ 
30 monkey, dog, rat, or mouse origin). 

Within other aspects of the present invention, methods of producing 
TGF-beta bmdmg-proteins are provided, comprising the step of culturin- the 
aforementioned host cell containing vector under conditions and for a time sufficient to 
^ produce the TGF-beta binding protein. Within further embodiments, the protein 
produced by this method may be further purified (e.g., by column chromatography 
affinity purification, and the like). Hence, isolated proteins which are encoded by the 
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above-noted nucleic acid molecules (e.g.. Sequence ID NOs. 2, 4, 6, 8. 10, 12, 14, or 
16) may be readily produced given the disclosure of the subject application. 

It should also be noted that the aforementioned proteins, or fragments 
thereof may be produced as fusion proteins. For example, withm one aspect^fusion 
protems are provided comprising a first polypeptide segment comprising a TGF-beta 
bmdmg-protein encoded by a nucleic acid molecule as described above, or a ponion 
thereof of at least 10, 20, 30, 50, or 100 amino acids in length, and a second 
polypeptide segment comprising a non-TGF-beta binding-protein. Within cenain 
embodiments, the second polypeptide may be a tag suitable for purification or 
recognition (e.g., a polypeptide comprising multiple anionic amino acid residues - see 
U.S. Patent No. 4,851,341), a marker (e.g., green fluorescent protein, or alkaline 
phosphatase), or a toxic molecule (e.g., ricin). 

Within another aspect of the present invention, antibodies are provided 
which are capable of specifically binding the above-described class of TGF-beta 
binding proteins (e.g., human BEER). Within various embodiments, the antibody may 
be a polyclonal antibody, or a monoclonal amibody (e.g., of human or murine origin). 
Within further embodiments, the antibody is a fragment of an antibody which retains 
the binding characteristics of a whole amibody (e.g., an F(ab'),, F(ab)„ Fab', Fab or 
Fv fragment, or even a CDR). Also provided are hybridomas and other cells which are 
capable of producing or expressing the aforementioned antibodies. 

Within related aspects of the invention, methods are provided detecting a 
TGF-beta binding protein, comprising the steps of incubating an antibody as described 
above under conditions and for a time sufficient to permit said antibody to bind to a 
TGF-beta binding protein, and detecting the binding. Within various embodiments the 
antibody may be bound to a solid support to facilitate washing or separation, and/or 
labeled, (e g, with a marker selected from the group consisting of enzymes, fiuorescent 
proteins, and radioisotopes). 

Within other aspects of the present invention, isolated oligonucleotides 
are provided which hybridize to a nucleic acid molecule according to Sequence ID 
NOs. I. 3, 5, 7, 9, 11, 13, 15, 17, or 18 or the complemem thereto, under conditions of 
high stringency. Within further embodiments, the oligonucleotide may be found in the 
sequence which encodes Sequence ID Nos. 2, 4, 6, 8, 10, 12, 14, or 16. Within certain 
embodiments, the oligonucleotide is at least 15, 20, 30, 50, or 100 nucleotides in 
length. Within further embodiments, the oligonucleotide is labeled with another 
molecule (e.g., an enzyme, fluorescent molecule, or radioisotope). Also provided are 
primers which are capable of specifically amplifying all or a ponion of the above- 
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mentioned nucleic acid molecules which encode TGF-beta bindin-proteins A. 
ufhzed herein, the term "specifically amplifying " should be understood to refer to 
pnmers which amplify the aforementioned TGF-beta binding-proteins, and not other 

Within related aspects of the present invention, methods are provided for 
detectmg a nucleic acid molecule which encodes a TGF-beta bindmg prote.n 
compnsmg the steps of incubating an oligonucleotide as described above under 
conditions of high stringency, and detecting hybridization of said oligonucleotide 
K. With,n certain embodiments, the oligonucleotide may be labeled and/or^ bound to a 
solid support. 

Within other aspects oi the present invention. ribor_vm«c .r. 
which are capable of cleaving RNA which encodes one of the abo^e-mentionedToF- 
beta b.nd.ng-proteins (e.g.. Sequence ID NOs. 2, 6, 8. 10, 12 14 or 16) Such 
.5 ribozymes may be composed of DNA, RNA (including 2'-0-methyl ribonucleic acids) 
nucleic acd analogs (e.g., nucleic acids having phosphorothioate linkaues) or mixtures 
thereof. Also provided are nucleic acid molecules (e.g., DNA or cDNA) which encode 
these ribozymes, and vectors which are capable of expressing or producing the 
ribozymes. Representative examples of vectors include plasm.ds, retrotranspJsons 
20 cosmids, and viral-based vectors (e.g., viral vectors generated at least in part from a 
retrovirus, adenovirus, or, adeno-associated virus). Also provided are host cells (eg. 
human, dog, rat, or mouse cells) which contain these vectors. In certain embodiments' 
the host cell may be stably transformed with the vector. 

Within further aspects of the invention, methods are provided for 
2--> producing ribozymes either synthetically, or by in vuro or Wvr> transcription Within 
further embodiments, the ribozymes so produced may be further purified and /or 
formulated into pharmaceutical compositions (e.g., the ribozyme or nucleic acid 
molecule encoding the ribozyme along with a pharmaceutically acceptable carrier or 
diluent). Similarly, the antisense oligonucleotides and antibodies or other selected 
.0 molecules described herein may be formulated into pharmaceutical compositions 

W.thin other aspects of the present invention, antisense oligonucleotides 
are provided comprising a nucleic acid molecule which hybridizes to a^nucleic acid 
molecule according to Sequence ID NOs. 1. 3. 5, 7, 9, 11, 13, or 15, or the complemem 
thereto, and wherein said oligonucleotide inhibits the expression of TGF-beta binding 
protein as described herem (e.g., human BEER). Within various embodiments the 
oligonucleotide is 15, 20, 25, 30, 35, 40, or 50 nucleotides in length. Preferably the 
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oligonucleotide is less than 100, 75. or 60 nucleotides in length As should be readily 
evident, the oligonucleotide may be comprised of one or more nucleic acid analo-s 
ribonucleic acids, or deoxyribonucleic acids. Further, the oligonucleotide may "be 
modified by one or more linkages, including for example, covalent linkage such as a 
. phosphorothioate linkage, a phosphotriester linkage, a methyl phosphonat'e linkage a 
methylene(methylimino) linkage, a morpholino linkage, an am.de linkage, a polyamide 
linkage, a short chain alkyl intersugar linkage, a cycloalkyi intersugar linkage a short 
Cham heteroatomic intersugar linkage and a heterocyclic intersugar linkloe One 
representative example of a chimeric oligonucleotide is provied in U S pLnt No 
10 5,989,912. 

Within yet another aspect of the present invention, methods are provided 
tor increasing bone mineralization. 

-I o iiiio a waj lii-uiuuaea animal 

an effective amount of the ribozyme as described above. Within related aspects such 
methods comprise the step of introducing into a patient an effective amount of the 
1> nucleic acid molecule or vector as described herein which is capable of producin- the 
desired ribozyme, under conditions favoring transcription of the nucleic acid molecule 
to produce the ribozyme. 

Within other aspects of the invention transgenic, non-human animals are 
provided. Within one embodiment a transgenic animal is provided whose germ cells 
2<. and somatic cells contain a nucleic acid molecule encoding a TGF-beta binding-protein 
as described above which is operabiy linked to a promoter effective for the expression 
of the gene, the gene being introduced into the animal, or an ancestor of the animal at 
an embryonic stage, with the proviso that said animal is not a human Within other 
embodiments, transgenic knockout animals are provided, comprising an animal whose 
2. germ cells and somatic cells comprise a disrxiption of at least one allele of an 
endogenous nucleic acid molecule which hybridizes to a nucleic acid molecule which 
encodes a TGF-binding protein as described herein, wherein the disruption prevents 
transcription of messenger RNA from said allele as compared to an animal without the 
disruption, with the proviso that the animal is not a human Within various 
30 embodiments, the disruption is a nucleic acid deletion, substitution, or insertion 
W.thm other embodiments the transgenic animal is a mouse, rat, sheep, pig, or dog. 

Within further aspects of the invention, kits are provided for the 
detection of TGF-beta binding-protein gene expression, comprising a container that 
comprises a nucleic acid molecule, wherein the nucleic acid molecule is selected from 
5^ the group consisting of (a) a nucleic acid molecule comprising the nucleotide sequence 
of SEQ ID NOs: 1, 3, 5. 7, 9, 1 1, 13, or 15; (b) a nucleic acid molecule comprising the 
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complement of the nucleotide sequence of (a); (c) a nucleic acid molecule that is a 
fragment of (a) or (b) of at least 15, 20 30, 50. 75. or, 100 nucleotides m length Also 
provided are kits for the detection of a TGF-beta binding-protein which comprise a 
contamer that comprise one of the TGF-beta binding protein antibodies described 

5 herein. 

For example, within one aspect of the present invention methods are 
provided for determining whether a selected molecule is capable of increasing bone 
mineral content, comprising the steps of (a) mixing one or more candidate mo^iecules 
with TGF-beta-binding-protein encoded by the nucleic acid molecule according to 

10 claim 1 and a selected member of the TGF-beta family of protems (e.g., BMP 5 o^ 6) 
(b) determining whether the candidate molecule alters the signaling of the TGF-beta 
family member, or alters the binding of the TGF-beta binding-protein to the TGF-beta 
family member. Within certain embodiments, the molecule alters the ability of TGF- 
beta to function as a positive regulator of mesenchymal cell differentiation. Within 

13 this aspect of the present invention, the candidate molecule(s) may alter si«nalin" or 
binding by, for example, either decreasing (e.g., inhibiting), or increasing (c^^^, 
enhancing) signaling or binding. 

Within yet another aspect, methods are provided for determining 
whether a selected molecule is capable of increasing bone mineral content, comprising 
20 the step of determining whether a selected molecule inhibits the binding of TGF-betl 
bmding-protein to bone, or an analogue thereof Representative examples of bone or 
analogues thereof include hydroxyapatite and primary human bone samples obtained 
via biopsy. 

Within certain embodiments of the above-recited methods the selected 
25 molecule is contained within a mixture of molecules and the methods may further 
comprise the step of isolating one or more molecules which are functional within the 
assay. W.thin yet other embodiments, TGF-beta family of proteins is bound to a solid 
support and the binding of TGF-beta binding-protein is measured or TGF-beta bindinu- 
protein are bound to a solid support and the binding of TGF-beta proteins are measured. 

Utilizing methods such as those described above, a wide variety of 
molecules may be assayed for their ability to increase bone mineral content by 
inhibiting the binding of the TGF-beta binding-protein to the TGF-beta family of 
protems. Representative examples of such molecules include proteins or peptides, 
organic molecules, and nucleic acid molecules. 
55 Within other related aspects of the invention, methods are provided for 

increasing bone mineral content in a warm-blooded animal, comprising the step of 
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adm,n.stenng to a warm-blooded animal a therapeutically effective amount of a 
molecule .dent.fied from the assays recited herein. Within another aspect, methods are 
provided for mcreasing bone mineral content in a warm-blooded animal, comprising 
the step of administering to a warm-blooded animal a therapeutically effective amount 
3 of a molecule which inhibits the binding of the TGF-beta bindin»-protein to the TGF- 
beta super-family of proteins, including bone morphogenic proteins (BMPs) 
Representative examples of suitable molecules include antisense molecules, ribozymes 
nbozyme genes, and antibodies (e.g., a humanized antibody) which specifically 
recognize and alter the activity of the TGF-beta binding-protein. 

Within another aspect of the present invention, methods are provided for 
mcreasing bone mineral content in a warm-blooded animal, comprising the steps of 

(a) introducing into cells which home m th^ hr.n« , .,^r., j: 

^ r>.wi.wi wiiii^ii uiictis ine expression 

of a molecule which inhibits the binding of the TGF-beta binding-protein to the TGF- 
beta family of proteins and bone morphogenic proteins (BMPs), and (b) administering 

15 the vector-containing cells to a warm-blooded animal. As utilized herein, it should be 
understood that cells "home to bone" if they localize within the bone matrix after 
peripheral administration. Within one embodiment, such methods further comprise 
prior to the step of introducing, isolating cells from the marrow of bone which home to 
the bone. Within a further embodiment, the cells which home to bone are selected from 

20 the group consisting of CD34+ cells and osteoblasts. 

Within other aspects of the present invention, molecules are provided 
(preferably isolated) which inhibit the binding of the TGF-beta binding-protein to the 
TGF-beta super-family of proteins. 

Within further embodiments, the molecules may be provided as a 

2. composition, and can further comprise an inhibitor of bone resorption. Representative 
examples of such inhibitors include calcitonin, estrogen, a bisphosphonate, a growth 
factor having anti-resorptive activity and tamoxifen. 

Representative examples of molecules which may be utilized in the 
afore-mentioned therapeutic contexts include, e.g , ribozymes, ribozyme »enes 
30 antisense molecules, and/or antibodies (e.g.. humanized antibodies). Such molecules 
may depending upon their selection, used to alter, antagonize, or agonize the signalling 
or binding of a TGF-beta binding-protein family member as described herein 

Within various embodiments of the invention, the above-described 
molecules and methods of treatment or prevention may be utilized on conditions such 

3. as osteoporosis, osteomalasia. periodontal disease, scurvy, Cushing's Disease bone 
fracture and conditions due to limb immobilization and steroid usage. 
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These and other aspects of the present invention will become evident 
upon reference to the following detailed description and attached drawings In 
addition, various references are set forth herein which describe in more detail^ceaain 
procedures or compositions (e.g., plasmids, etc.), and are therefore incorporated by 
reference in their entirety. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure ] is a schematic illustration comparing the amino acid sequence 
of Human Dan; Human Gremlin; Human Cerberus and Human Beer. Arrows indicate 
the Cysteine backbone. 

JO ^ Figure 2 summarizes the results obtained from surveying a variety of 

hu...an tissues for the expression of a TGF-beta binding-protein gene, specifically, the 
Human Beer gene. A semi-quantitative Reverse Transcription-Polymerase Chain 
Reaction (RT-PCR) procedure was used to amplify a portion of the gene from f.rst- 
strand cDNA synthesized from total RNA (described in more detail in EXAMPLE 2A). 

^'Sure 3 summarizes the results obtained from RNA in .situ 
hybridization of mouse embryo sections, using a cRNA probe that is complementary to 
the mouse Beer transcript (described in more detail in EXAMPLE 2B). Panel A is a 
transverse section of 10.5 dpc embryo. Panel B is a sagittal section of 12.5 dpc embryo 
and panels C and D are sagittal sections of 15.5 dpc embryos. 

^'""'■^ illustrates, by western blot analysis, the specificity of three 
different polyclonal antibodies for their respective antigens (described in more detail in 
EXAMPLE 4). Figure 4A shows specific reactivity of an anti-H. Beer antibody for H 
Beer antigen, but not H. Dan or H. Gremlin Figure 4B shows reactivity of an anti-H 
Gremlin antibody for H. Gremlin antigen, but not H. Beer or H. Dan. Figure 4C shows 
;5 reactivity of an anti-H. Dan antibody for H. Dan, but not H. Beer or H. Gremlin. 

Figure 5 illustrates, by western blot analysis, the selectivity of the TGF- 
beta binding-protein. Beer, for BMP-5 and BMP-6, but not BMP-4 (described in more 
detail in EXAMPLE 5). 

Figure 6 demonstrates that the ionic interaction between the TGF-beta 
0 binding-protein. Beer, and BMP-5 has a dissociation constant in the 1 5-30 nM ran-e. 



BNSDOCID: <WO 0032773A1_IA> 



wo 00/32773 

PCTAJS99/27990 

I I 

DETAILED DESCRIPTION OF THE INVENTION 

DCFINITIONis 

Prior to setting forth the invention in detail, it mav be helpful to an 
understandmg thereof to set forth definitions of certain tenr.s and to list and to def.ne 
-■> the abbreviations that will be used hereinafter. 

"Molecule" should be understood to include proteins or peptides 
(.^^T- antibodies, recombinant binding partners, peptides with a desired binding 
affinity) nucleic acids (e.,., DNA, RNA, chin^eric nucleic acid molecules, and nucleic 
ac.d analogues such as PNA); and organic or inorganic compounds. 

''IfiF^- should be understood to include any known or novel 
(T^sT super-family, which also includes bone morphogenic proteins 

" TGF-beta rereptor ' should be understood to refer to the receptor 
specific for a particular member of the TGF-beta super-family (including bone 
!."> morphogenic proteins (BNIPs)). 

- TGF-beta bindin»-prntnn " should be understood to refer to a protein 
with specific binding affinity for a particular member or subset of members of the 
TGF-beta super-family (including bone morphogenic proteins (BMPs)) Specific 
examples of TGF-beta binding-proteins include proteins encoded by Sequence ID Nos. 
20 1, 5, 7, 9, 11, 13, and 15. 

Inhibiting the "binding of the TGF-h.r. bindin.o-nrot.in t^.. 
family of protems and bone morpho».nic proteins (RMP, )- should be understood to 
refer to molecules which allow the activation of TGF-beta or bone morphooenic 
proteins (BMPs), or allow the binding of TGF-beta family members including bone 
2. -orphogenic proteins (BN^s) to their respective receptors, by removing or preventing 
TGF-beta from binding to TGF-binding-protein. Such inhibition may be accomplished 
for example, by molecules which inhibit the binding of the TGF-beta binding-protein to 
specific members of theTGF-beta super-family. 

'° ^" ^ss^'^bly which is capable of directing the 
30 expression of des.red protein. The vector must include transcriptional promoter 
elements which are operably linked to the gene(s) of interest. The vector may be 
composed of either deoxyribonucleic acids ("DNA"), ribonucleic acids ("RNA") or a 
combination of the two (e.g., a DNA-RiS'A chimeric). Optionally, the vector' may 
include a polyadenylation sequence, one or more restriction sites, as well as one or 
3. more selectable markers such as neomycin phosphotransferase or hygromyc.n 
phosphotransferase. Additionally, depending on the host cell chosen and the vector 



BNSDOCIO; <WO 0032773A1_IA> 



wo 00/32773 



12 



PCT/US99/27990 



20 



25 



30 



employed, other genetic elements such as an origin of replication, additional nucleic 
ac.d restncnon sites, enhancers, sequences conferring inducibility of transcription and 
selectable markers, may also be incorporated into the vectors described herein 

^ nucleic, arid molen.l. " is a nucleic acid molecule that is not 

^ rrel tVT"^ ''''^ °' " "^"""^ ^^^"^P'^- ^ that 

encodes a TGF-bmdmg protein that has been separated from the uenomic DNA of a 

eukao^ofc cell .s an isolated DNA molecule. Another example of an ^isolated nucleic acid 
molecule .s a chemically-synthesized nucleic acid molecule that is not mtegrated in the 
genome of an organism The isolated nucleic acid molecule may be genomic DNA cDN A 
• RNA, or composed at least in part of nucleic acid analogs. 

An " isolated polyp e ptide " is a polypeptide that is essentially free from 
contam.natmg cellular components, such as carbohydrate. Moid or nth.r 
.mpunt.es associated with the polypeptide in nature. Within cenain embodiments a 
pan.cu ar protein preparation contains an isolated polypeptide if it appears nominally'as 
a smgle band on SDS-PAGE gel with Coomassie Blue staining. "Isolated" when 
refernng to organic molecules means that the compounds are greater than 90 percent 
pure ut.l.zmg methods which are well known in the art (e..^., NMR, melting point) 

n967. m "''r''""'" " ^ that was applied by Hansen 

(1967) (Hansen, H. G., Sklerosteose.ln: Opitz, H.; Schmid, F., Handbuch der 
Kmderhe.Ikunde. Berlin: Springer (pub.) 6 1967. Pp. 351-355) to a disorder similar to 
van Buchem hyperostosis conicalis generalisata but possibly differing in radiologic 
appearance of the bone changes and in the presence of asymmetric cutane:us 
syndactyly of the index and middle fingers in many cases. The |aw has an unusually 
square appearance in this condition. 

" Humanized antihoHies " are recombinant proteins in which murine 
complementary determining regions of monoclonal antibodies have been transferred 
from heavy and light variable chains of the murine immunoglobulin into a human 

variable domain. 

Pr "'''^ "- ^"^'^°dv fragment " is a portion of an antibody such 

as F(ab) F(ab)„ Fab', Fab, and the like Regardless of structure, an antibody 
fragment bmds with the same antigen that is recognized by the intact antibody For 
example, an anti-TGF-beta binding-protein monoclonal antibody fragment bind, with 
an epitope of TGF-beta binding-protein. 

The term " antibody fragment " also includes any synthetic or genetically 
engmeered protein that acts like an antibody by binding to a specific antigen'to form a 
complex. For example, antibody fragments include isolated fragments consisting of the 
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light Cham variable region, "Fv" fragments consisting of the variable regions of the 
heavy and light chains, recombmant single chain polypeptide molecules in which U^Ut 
and heavy variable regions are connected by a peptide linker (^sFv proteins'') a^nd 
mmimal recognition units consisting of the amino acid residues that mimic the 
hypervariable region. 

A - detectable label " is a molecule or atom which can be conjugated to 
an antibody moiety to produce a molecule useful for diagnosis. Examples of de^tectable 
labels mclude chelators, photoactive agents, radioisotopes, fluorescent agents, 
paramagnetic ions, enzymes, and other marker moieties. 

As used herein, an • immunocoruugate" is a molecule comprising an 
ant.-TGF-beta binding-protein antibody, or an antibody fragment, and a detectable 

label. An immunoconjugate has roughly the same, or nnlv ^lichtu, r«H...»^ 

bind TGF-beta binding-protein after conjugation as before conjugation. 

Abbreviations : TGF-beta - "Transforming Grov^h Factor-beta"; TGF- 
bBP - "Transforming Growth Factor-beta binding-protein" (one representative TGF- 
bBP ,s designated "H. Beer"); BMP - "bone morphogenic protein" PCR - 
"polymerase chain reaction"; RT-PCR - PCR process in which RNA is first transcribed 
mto DNA at the first step using reverse transcriptase (RT); cDNA - any DNA made by 
copying an RNA sequence into DNA form. 



As noted above, the present invention provides a novel class of TGF- 
beta binding-proteins, as well as methods and compositions for increasing bone mineral 
contem m warm-blooded animals. Briefly, the presem inventions are based upon the 
unexpected discovery that a mutation in the gene which encodes a novel member of the 

2. TGF-beta binding-protein family results in a rare condition (sclerosteosis) characterized 
by bone mineral contents which are one- to four-fold higher than in normal individuals 
Thus, as discussed in more detail below this discovery has led to the development of 
assays which may be utilized to select molecules which inhibit the binding of the TGF- 
beta binding-protein to the TGF-beta family of proteins and bone morphogenic proteins 

30 (BMPs), and methods of utilizing such molecules for increasing the bone mineral 
content of warm-blooded animals (including for example, humans). 

Discussion of the Di.<;fa.s e Known a.s Sclerostfo^k 
Sclerosteosis is a term that was applied by Hansen (1967) (Hansen H 
G., Sklerosteose.In: Opitz, H.; Schmid. F., Handbuch der Kinderheilkunde. Berlin 
35 Springer (pub ) 6 1967. Pp. 351-355) to a disorder similar to van Buchem hyperostosis 
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conicalis generalisata but possibly differing in radiologic appearance of the bone 
changes and .n the presence of asymmetric cutaneous syndactylv of the index and 
middle fingers in many cases. 

Sclerosteosis is now known to be an autosomal semi-dominant disorder 
. which IS characterized by widely disseminated sclerotic lesions of the bone in the adult 
The condition is progressive. Sclerosteosis also has a developmental aspect which is 
associated with syndactyly (two or more fingers are fused together). The Sclerosteosis 
Syndrome is associated with large stature and many affected individuals attain a height 
of SIX feet or more. The bone mineral content of homozygotes can be 1 to 6 fold over 
10 normal individuals and bone mineral density can be 1 to 4 fold above normal values 
(e.g., from unaffected siblings). 

The Sclerosteosis Syndrome occur.<: nrimarii,, Af-:. ,^ . . 

descent m South Africa. Approximately 1/140 individuals in the Afrikaaner population 
are carriers of the mutated gene (heterozygotes). The mutation shows lOQo/o 
.5 penetrance. There are anecdotal reports of increased of bone mineral density in 
heterozygotes with no associated pathologies (syndactyly or skull overurowth) 

It appears at the present time that there is no abnormality of the 
pnuitary-hypothalamus axis in Sclerosteosis. In panicular, there appears to be no over- 
production of growth hormone and cortisone. In addition, sex honnone levels are 
normal in affected individuals. However, bone turnover markers (osteoblast specific 
a ka me phosphatase, osteocalcin, type 1 procollagen C propeptide (PICP), and total 
a kahne phosphatase; (see Cornier, C, Curr. Opin. in RH.u. -.243, 1995) indicate that 
there ,s hyperosteoblastic activity associated with the disease but that there is normal to 
shghtly decreased osteoclast activity as measured by markers of bone resorption 
2. (pyndinoline, deoxypryridinoline, N-telopeptide, urinary hydroxyproline, plasma 
tanrate-resistant acid phosphatases and galactosyl hydroxylysine (see Comier .supra)) 

Sclerosteosis is characterized by the continual deposition of bone 
throughout the skeleton during the lifetime of the affected individuals. In homozygotes 
the continual deposition of bone mineral leads to an overgrowth of bone in areas of the 
30 skeleton where there is an absence of mechanoreceptors (skull, jaw, cranium) In 
homozygotes with Sclerosteosis, the overgrowth of the bones of the skull leads to 
cranial compression and eventually to death due to excessive hydrostatic pressure on 
the bram stem. In all other parts of the skeleton there is a generalized and diffuse 
sclerosis. Cortical areas of the long bones are greatly thickened resulting in a 
substantial increase in bone strength. Trabecular connections are increased in thickness 
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Which in turn increases the strength of the trabecular bone. Sclerotic bones appear 
unusually opaque to x-rays. 

As described in more detail in Example 1, the rare genetic mutation that 
■s responsible for the Sclerosteosis syndrome has been localized to the reaion of human 
chromosome 1 7 that encodes a novel member of the TGF-beta binding-protein familv 
(one representative example of which is designated "H. Beer"). As described in more 
detail below, based upon this discovery, the mechanism of bone mineralization is more 
, fully understood, allowmg the development of assays for molecules which increase 
bone mmerahzation, and use of such molecules to increase bone mineral content, and in 
10 the treatment or prevention of a wide number of diseases. 

TGF-BF FA SUPFR-l-AMn V 

The Transforming Growth Factor-beta (TGF-beta) super-familv contains 
a vanety of growth factors that share common sequence elements and structural motifs 
(at both the secondary and tertiary levels). This protein family is known to exert a wide 
1. spectrum of biological responses on a large variety of cell types Manv of them have 
important functions during the embryonal development in pattern formation and tissue 
spec,ficat,on; in adults they are involved, e.g., m wound healing and bone repair and 
bone remodelmg, and in,the modulation of the immune system. In addition to the three 
TGF-beta's, the super-family includes the Bone Morphoaenic Proteins (BMPs) 
10 Activms, Inhibins, Growth and Differentiation Factors (GDFs), and Glial-Derived 
Neurotrophic Factors (GDNFs). Primary classification is established through general 
sequence features that bin a specific protein into a general sub-familv. Additional 
stratification within the sub-family is possible due to stricter sequence' consei^ation 
between members of the smaller group. In cenain instances, such as with BMP-5 
:5 BMP-6 and BMP-7, this can be as high as 75 percent amino acid homology between 
members of the smaller group. This level of idemity enables a single representative 
sequence to illustrate the key biochemical elements of the sub-group that separates it 
from other members of the larger family. 

TGF-beta signals by inducing the formation of hetero-oligomeric 
0 complexes of type I and type II receptors. The crystal structure of TGF-beta2 has been 
determmed. The general fold of the TGF-beta2 monomer contains a stable, compact 
cysteme knotlike structure formed by three disulphide bridges. Dimerization, stabilized 
by one disulphide bridge, is aniiparallel. 

TGF-beta family members initiate their cellular action by bindin" to 
^ receptors with intrinsic serine/threonine kinase activity. This receptor family consists 
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of two subfan..lies, denoted type 1 and type II receptors. Each n^ember of the TGF-beta 
fam.ly b.nds to a characteristic combination of type I and type II receptors, both of 
wh.ch are needed for signaling. In the current model for TGF-beta receptor activation 
TGF-beta first binds to the type II receptor (TbR-II), wh.ch occurs in the cell 
membrane m an oligomeric form with activated kinase. Thereafter, the tvpe I receptor 
(TbR-I), wh.ch can not bind ligand in the absence of TbR-lI, is recruited into the 
complex. TbR-II then phosphoryiates TbR-I predominantly in a domam rich in .iycine 
and senne residues (GS domain) in the .juxtamembrane region, and thereby activates 

Thus far seven type I receptors and five type II receptors have been 

Jdentified. 



BONE MORPHOGFNK- PROTFIN.S m^fP.^ .p. V.y r^,,, , p,^.,,.,,. ^, 

DCTERMININO RONE Mfnfrai Dkn.SITV Hi fa^amc 

. ^ '"'j"' "'^^^"^^ ^he understanding of bone formation was the 
1. .denff.cat.on of the bone morphogenic proteins (BMPs), also known as osteo.^enic 
protems (OPs), which regulate cartilage and bone differentiation in vivo BMPs/OPs 
.nduce endochondral bone differentiation through a cascade of events which include 
format.on of canilage. hypertrophy and calcification of the canilage. vascular invasion 
d>f^rentiat.on of osteoblasts, and formation of bone. As described above the 

f H Trf r ' ^'-'^ - member! 

of the TGF-beta super-family. The striking evolutionary conservation between 
members the BMP/OP sub-family suggests that they are critical in the normal 
development and function of animals. Moreover, the presence of multiple forms of 
BMPs/OPs raises an important question about the biological relevance of this apparent 

25 redundancy. In addition to postfetal chondrogenesis and osteogenesis, the BMPs/OPs 
play multiple roles in skeletogenesis (including the development of craniofacial and 
dental tissues) and in embryonic development and organogenesis of parenchymatous 
organs, including the kidney. It is now understood that nature relies on common (and 
few) molecular mechanisms tailored to provide the emergence of specialized tissues 

30 and organs. The BMP/OP super-family is an elegant example of nature parsimony in 
programming multiple specialized functions deploying molecular isoforms with minor 
variation in amino acid motifs within highly conserved carboxy-terminal regions. 

BMP ANTAfw->Mi<;N>t 

The BMP and Activin sub-families are subject to significant post- 
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translational regulation. An intricate extracellular control system exists, whereby a 
high affinity antagonist is synthesized and exported, and subsequently complexes 
selectively with BMPs or activins to disrupt their biological activity (W.C. Smith 
(1999) TIG 75(1) 3-6). A number of these natural antagonists have been identified, and 
5 based on sequence divergence appear to have evolved independently due to the lack of 
primary sequence conservation. There has been no structural work to date on this class 
of proteins. Studies of these antagonists has highlighted a distinct preference for 
interacting and neutralizing BMP.2 and BMP.4. Furthermore, the mechanism of 
inhibition seems to differ for the different antagonists (S. lemura et al. (1998) Proc 
10 Natl Acad Sci USA 95 9337-9342). 

Novel TGF-beta BiNPiNCi-PROTErNs 

1 Background re; TGF-beta binding-proteins 

As noted above, the present invention provides a novel class of TGF- 
beta binding-proteins that possess a nearly identical cysteine (disulfide) scaffold when 

15 compared to Human DAN, Human Gremlin, and Human Cerberus, and SCGF (U.S. 
Patent No. 5,780,263) but almost no homology at the nucleotide level (for background 
information, see generally Hsu, D R., Economides, A.N., Wang, X., Eimon, P.M., 
Harland, R.M., ''Tht Xenopua Dorsalizing Factor Gremlin Identifies a Novel Family of 
Secreted Proteins that Antagonize BMP Activities/' Molecular Cell 7:673-683, 1998). 

One representative example of the novel class of TGF-beta binding- 
proteins is disclosed in Sequence ID Nos. 1, 5, 9, 11, 13, and 15. Representative 
members of this class of binding proteins should also be understood to include variants 
of the TGF-beta binding-protein (e.g.. Sequence ID Nos. 5 and 7). As utilized herein, a 
"TGF-beta binding-protein variant gene'^ refers to nucleic acid molecules that encode a 

25 polypeptide having an amino acid sequence that is a modification of SEQ ID Nos: 2, 
10, 12, 14 or 16. Such variants include naturally-occurring polymorphisms or allelic 
variants of TGF-beta binding-protein genes, as well as synthetic genes that contain 
conservative amino acid substitutions of these amino acid sequences. Additional 
variant forms of a TGF-beta binding-protein gene are nucleic acid molecules that 

30 contain insenions or deletions of the nucleotide sequences described herein. TGF-beta 
binding-protein variant genes can be identified by determining whether the genes 
hybridize with a nucleic acid molecule having the nucleotide sequence of SEQ ID Nos: 
1, 5, 7, 9, 11, 13, or 15 under stringent conditions. In addition, TGF-beta binding- 
protein variant genes should encode a protein having a cysteine backbone. 
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As an alternative. TGF-beta binding-protein variant iienes can be 
identified by sequence comparison. As used herein, two amino acid sequences have 
■100% amino acid sequence identity" if the amino acid residues of the two amino acid 
sequences are the same when aligned for maximal correspondence Similarly, two 
nucleotide sequences have "100% nucleotide sequence identity" if the nucleotide 
residues of the two nucleotide sequences are the same when aligned for maximal 
correspondence. Sequence comparisons can be performed usina standard software 
programs such as those included in the LASERGENE bioinformatics computinu suite 
which is produced by DNASTAR (Madison. Wisconsin). Other methods for 
comparing two nucleotide or amino acid sequences by determininu optimal alianmem 
are well-known to those of skill in the art (see, for example, Pertiski and Peruski, Th, 

Internet ami the Ne^^^ Biology : Tools for Genomic mul Ur,!.....!.... o u / .ck. 

Press, Inc. 1997), Wu et al. (eds ), "Information Superhighway and Computer 
Databases of Nucleic Acids and Proteins." in Methods in Gene Biotechnology, pages 
123-151 (CRC Press, Inc. 1997). and Bishop (ed ), Guide to Human Genome 
Computing, 2nd Edition (Academic Press, Inc. 1998)). 

A variant TGF-beta binding-protein should have at least a 50% amino 
acid sequence identity to SEQ ID NOs. 2, 6. 10, 12, 14 or 16 and preferably -reater 
than 60%, 65%, 70%. 75%, 80%, 85%, 90%, or 95% identity. Alternatively, TGF-beta 
binding-protein variants can be identified by having at least a 70% nucleotide sequence 
Identity to SEQ ID NOs: 1, 5, 9, 11, 13 or 15. Moreover, the present invention 
contemplates TGF-beta binding-protein gene variants having greater than 75% 80% 
85%, 90%, or 95% identity to SEQ ID NO:]. Regardless of the particular method used 
to Identify a TGF-beta binding-protein variam gene or variant TGF-beta bindin- 
protein, a variant TGF-beta binding-protein or a polypeptide encoded by a variant 
TGF-beta binding-protein gene can be functionally characterized by, for example, its 
ability to bind to and/or inhibit the signaling of a selected member of the TGF-beta 
family of proteins, or by its ability to bind specifically to an anti-TGF-beta binding- 
protein antibody. ° 

The present invention includes functional fragments of TGF-beta 
binding-protein genes. Within the context of this invention, a "functional fragment" of 
a TGF-beta binding-protein gene refers to a nucleic acid molecule that encodes a 
ponion of a TGF-beta binding-protein polypeptide which either (1) possesses the 
above-noted function activity, or (2) specifically binds with an anti-TGF-beta binding- 
protein antibody. For example, a functional fragmem of a TGF-beta binding-protern 
gene described herein comprises a portion of the nucleotide sequence of SEQ^ID Nos: 
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J. 5, 9, 11, 13, or 15. 

2. Isolation of the TGF-beta binding-protein gene 

DNA molecules encoding a binding-protein gene can be obtained by 
screening a human cDNA or genomic library using polynucleotide probes based upon 
5 for example, SEQ ID NO; 1. 

For example, the first step in the preparation of a cDNA librarx- is to isolate 
RNA using methods well-known to those of skill in the art. In ueneral. RMA isolation 
techniques must provide a method for breaking cells, a means of inhibitins RN'ase-directed 
degradation of RN.A, and a method of separating RNA from DNA, protein and 
10 polysaccharide contaminants. For example, total RNA can be isolated by freezing tissue in 
='-"'"s "'^ "^^c'i iissue witn a mortar and pestle to Ivse the cells 
extracting the ground tissue with a solution of phenol/chloroform to remove proteins, and 
separating RNA from the remaining impurities by selective precipitation with lithium 
chloride (see, for example, Ausubel et al. (eds.), Shor, Protocols in Molecular liiolo^^ 3rd 
EJition, pages 4-1 to 4-6 (John Wiley & Sons 1995) ["'Ausubel (1995)-']; Wu et al.. 
Methods in Gene Biotechnology; pages 33-41 (CRC Press, Inc. 1997) ["Wu ( 1 997)"]). 

Alternatively, total RNA can be isolated by extracting ground tissue with 
guanidinium isothiocyanate, extracting with organic solvents, and separating RNA from 
contaminants using differential centrifugation (see, for example, Ausubel (1995) at pa<.es 4- 
20 1 to 4-6; Wu ( 1 997) at pages 33-41). 

In order to constmct a cDNA librar>', poly(A)- RNA must be isolated from a 
total RNA preparation. Poly(A)- RN'A can be isolated from total RNA by usin.. the 
standard technique of ol.go(dT)-celluiose chromatography (see, for example, Aulubel 
(1995) at pages 4-1 1 to 4-12). 

Double-stranded cDNA molecules are synthesized from poIy(A)- RNA 
using techniques well-known to those in the art. (see, for example, Wu (1997) at pa^es 
41-46) Moreover, commercially available kits can be used to synthesize douMe- 
stranded cDNA molecules. For example, such kits are available from Life 
Technologies, Inc. (Gaithersburg, Maryland), CLONTECH Laboratories, Inc. (Palo 
30 Alto, California), Promega Corporation (Madison, Wisconsin) and Stratauene Cloning 
Systems (La Jolla, California). 

The basic approach for obtaining TGF-beta binding-protein cDNA clones 
can be modified by constructing a subtracted cDNA library which is enriched in TGF- 
bmdmg-protein-specific cDNA molecules. Techniques for constructing subtracted libraries 
35 are well-known to those of skill in the art (see, for example, Sargent, "Isolation of 
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Differentially Expressed Genes," in M.,h. tMzy:nu,i JJ2A22. 19S7. and Wu et al (eds ) 
' Construcfon and Screening of Subtracted and Complete Expression cDNA Libraries " in 
MethiKisw iiena Bioiechnology; pages 29-65 (CRC Press, Inc. 1997)). 

Various cloning vectors are appropriate for the construction of a cDK A 
5 library. For example, a cDNA library can be prepared in a vector denved from 
bacteriophage, such as a AgtlO vector (see, for example, Huynh et al., ' Constructing 
and Screening cDNA Libraries in ^gtlO and Xgtll," in DNA Cluninfr: A Prauical 
Approach I ol. /, Glover (ed ), page 49 (IRL Press, 1985); Wu (1997) at pages 47-5^) 

Alternatively, double-stranded cDNA molecules can be insmed into a 
. plasmid vector, such as a pBluescript vector (Stratagene Cloning Systems; La Jolla 
California), a LambdaGEM-4 (Promega Corp.; Madison, Wisconsin) or other commercially 
available vectors. Suitable cloning vectors also can be obtained from the A„n,erican Ty>e 
Culture Collection (Rockville, Maryland). '"^ 
In order to amplify the cloned cDNA molecules, the cDNA library is 
inserted into a prokaryotic host, using standard techniques For example, a cDNA librar.^ 
can be introduced into competent E. coli DH5 cells, which can be obtained from Life 
Technologies, Inc. (Gaithersburg, Maryland). 

A human genomic DNA library can be prepared by means well-known in 
the art (see, for example, Ausubel (1995) at pages 5-1 to 5-6; Wu (1997) at pa-es 307-327) 
Genomic DNA can be isolated by lysing tissue with the detergent Sarkosyl,'digestino the 
lysate with proteinase K. clearing insoluble debris from the lysate by centrifuuation 
precipitating nucleic acid from the lysate using isopropanol, and purifying resus^ended 
DNA on a cesium chloride density gradient. 

DNA fragments that are suitable for the production of a genomic library can 
be obtained by the random shearing of genomic DNA or by the panial digestion of genomic 
DNA with restriction endonucleases. Genomic DNA fragmenLs- can ^e inserted into a 
vector, such as a bacteriophage or cosmid vector, in accordance with conventional 
techniques, such as the use of restriction enzyme digestion to provide appropriate temiini 
the use of alkaline phosphatase treatment to avoid undesirable joining of DNA molecules' 
and ligation with appropriate ligases. Techniques for such manipulation are well-known in 
the art (see, for example, Ausubel (1995) at pages 5-1 to 5-6; Wu ( 1997) at pages 307-3^7) 
Nucleic acid molecules that encode a TGF-beta binding-protein gene can 
also be obtained using the polymerase chain reaction (PCR) with oligonucleotide 
primers having nucleotide sequences that are based upon the nucleotide sequences of 
the human TGF-beta binding-protein gene, as described herein. General methods for 
screening libraries with PCR are provided by, for example, Yu et al "Use of the 
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Polymerase Chain Reaction to Screen Phage Libraries," in Mchods ,n A/.W,; 
B.ology . Vol. 15: PCR Pro.ocols: Cnrenf M.thoUs anJ Applicanons. White (ed ) 
pages 211-215 (Humana Press, inc. 1993). Moreover, techniques for usinu PCR to 
isolate related genes are described by. for example, Preston. "Use of Degenerate 
■•^ OI.gonucleot.de Primers and the Polymerase Chain Reaction to Clone Gene" Family 
Members.' .n Me.hods in Molecular Woloyy: Vol. J5: PCR Protocols Crrcn, 
Mchods and Applicanons. White (ed ), pages 317-337 (Humana Press, Inc. 1993). 

Alternatively, human genomic libraries can be obtained from commercial 
sources such as Research Genetics (Huntsville. .^L) and the .Amencan Type Culture 
HI Collection (Rock\ille. Mar>'iand). 

A library containing cDNA or genomic clones can be screened with one or 
more polynucleotide probes based upon SEQ ID NO l, using standard methods (see for 
example, Ausubel ( 1 995) at pages 6- 1 to 6- 1 1 ). 

Anti-TGF-beta binding-protein antibodies, produced as described below 
I. can also be used to isolate DNA sequences that encode TGF-beta bindino-protein -enes 
from cDNA libraries. For example, the antibodies can be used to screen X-tll 
express.on libraries, or the antibodies can be used for immunoscreening follovvino 
hybrid selection and translation {see, for example, Ausubel (1995) at pa-e. 6-P to 6^ 
16; Margolis et al., ''Screening >. expression libraries with antibody and protein 
20 probes, - m DNA Cloning 2: Expression Systems. 2nd Edition, Glover et al. (eds ) 
pages 1-14 (Oxford University Press 1995)). 

The sequence of a TGF-beta binding-protein cDNA or TGF-beta 
b.nd.ng-protein genomic fragment can be determined us.ng standard methods 
Moreover, the identification of genomic fragments containing a TGF-beta bindin.»- 
2--. prote.n promoter or regulatory element can be achieved using well-establishrd 
techniques, such as deletion analysis (see, generally, .'\usubel (1995)). 

As an alternative, a TGF-beta binding-protein gene can be obtained by 
synthes.z.ng DNA molecules usmg mutually priming long oligonucleotides and the 
nucleotide sequences described herein (see, for example, Ausubel (1995) at pa-^es 8-8 
30 to 8-9). Established techniques using the polymerase chain reaction provide the'ability 
to synthes.ze DNA molecules at least two kilobases in length (Adang et al PUmt 
Molec. Biol 21AUI, 1993; Bambot et al., PCR Methods and Applications >'>66 
1993; Dillon et al.. "Use of the Polymerase Chain Reaction for the Rapid Construction 
of Synthetic Genes,'' in Methods in Molecular Biology. Vol 15: PCR Protocols- 
55 Currettt Methods and Applications, White (ed ), pages 263-268, (Humana Press. Inc. 
1 993); Holowachuk et al., PCR Methods Appl. 4.199, \ 995). 



BNSDOCID <WO_0032773A1.IA. 



PCT/US99/27990 



3. Production of TGF-beta binding-protein genes 

Nucleic acid molecules encoding variant TGF-beta bindin-protein 
genes can be obtained by screening various cDNA or genomic librahes with 

polynucleotide probes having nucleotide sequences based upon SEQ ID NO- 1 5 9 II 
13, or 15, using procedures described above. TGF-beta bindin«-protein «ene variants 
can also be constructed synthetically. For example, a nucleic acid molecule can be 
dev,sed that encodes a polypeptide having a conservative amino acid change, compared 
w.th the ammo acid sequence of SEQ ID NOs; 2, 6, 8, 10, 12, 14 or 16 That is 
variants can be obtained that contain one or more amino acid substitutions of SEQ ID 
NOs: 2, 6, 8, 10, 12. 14 or 16, in which an alkyl amino acid is substituted for an alkyi 
ammo acd in a TGF-beta binding-protein amino acid sequence, an aromatic amino acJd 
is substituteH fnr an 

-.. . ^^.u ,„ a , .oeta Dmdmg-protein amino acid 

sequence, a sulfur-containing amino acid is substituted for a sulfur-containino amino 
acid m a TGF-beta binding-protein amino acid sequence, a hydroxv-containing amino 
acd .s substituted for a hydroxy-comaining amino acid in a TGF-beta bindin^^-protein 
ammo acd sequence, an acidic amino acid is substituted for an acidic amino acid in a 
TGF-beta bmdmg-protein amino acid sequence, a basic amino acid is substituted for a 
bas.c amino acid in a TGF-beta binding-protein amino acid sequence, or a dibasic 
monocarboxylic amino acid is substituted for a dibasic monocarboxvlic amino acid in a 
20 TGF-beta bmdmg-protein amino acid sequence. 

Among the common amino acids, for example, a "'conservative amino 
acd substuution- is illustrated by a substitution among amino acids within each of the 
foliowmg groups. (1) glycine, alanine, valine, leucine, and isoleucine n 
phenylalanme, tyrosine, and tryptophan, (3) serine and threonine, (4) aspartate and 
2. glutamate, (5) glutamine and asparagine, and (6) lysine, arginine and hist.dine In 
makmg such substitutions, it is important to, where possible, maintain the cysteine 
backbone outlined in Figure 1 

Conservative amino acid changes in a TGF-beta binding-protein «ene 
can be mtroduced by substituting nucleotides for the nucleotides recited in SEQ ID 
NO l. Such "conservative amino acid'" variants can be obtained, for example by 
ol.gonucieotide-directed mutagenesis, linker-scanning mutagenesis, mutagenesis usinu 
the polymerase chain reaction, and the like (see Ausubel (1995) at paues 8-10 to 8-^2 
and McPherson (ed.), Daecred Mutagenesis. A Practical Approach (I^L Press 1991))' 
The functional ability of such variants can be determined using a standard method, such 
as the assay described herein. Alternatively, a variant TGF-beta binding-protein 
polypeptide can be idemif.ed by the ability to specifically bind anti-TGF-beta bindin-- 
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protein antibodies. 

Routine deletion analyses of nucleic acid molecules can be performed to 
obtam ' functional fragments'" of a nucleic acid molecule that encodes a TGF-beta 
bmdmg-protem polypeptide. As an illustration. DKA molecules havinu the nucleotide 
^ sequence of SEQ ID NO. 1 can be digested with Ba/2 1 nuclease to obtain a series of 
nested deletions. The fragments are then inserted into e.xpression vectors m proper 
reading frame, and the expressed polypeptides are isolated and tested for activity or for 
the ab.hty to bind anti-TGF-beta binding-protein antibodies. One alternaiive to 
exonuclease digestion is to use oligonucleotide-d.rected mutagenesis to introduce 
deletions or stop codons to specify production of a desired fragment. .Alternatively 
particular fragments of a TGF-beta binding-protein gene can be'svnthesized usin. the 
polymerase chain reaction. 

Standard techniques for functional analysis of proteins are described by 
for example, Treuter et al., Mo/cc. Gen. Gene. 2^0:U3, 1993 Content et al 

Expression and preliminary deletion analysis of the 42 kDa ISA synthetase induced 
by human interferon," in Bio/ogiaa/ Interferon Sys,e,ns, Proceedings of ISIR-TNO 
Meenng on Interfere Sys,e.s, Cantell (ed.), pages 65-72 (Nijhoff 1987); Herschman 

The EOF Receptor," in Connol of Annual Cell Prolifercuion. Vol. /. Boynton et al ' 
(eds.) pages 169-199 (Academic Press 1985); Coumailleau et al.. ./ B.ol Chen] 

f '"'o/'"'^ - '^^^5291, 1995; Yama^uchi et al 

B^ochen.. Pharmacol. 50:1295, 1995; and Meisel et al.. Plan, Molec. Biol. 1996. ^ 

The present invention also contemplates functional fragments of a TGF- 
beta bindmg-protein gene that have conser^'ative amino acid changes. ~ 

A TGF-beta binding-protein variant gene can be identified on the basis 
of structure by determining the level of identity with nucleotide and amino acid 
sequences of SEQ ID NOs: 1, 5, 9, 11, 13, or, 15 and 2, 6, 10 P 14 or 16 as 
discussed above. An alternative approach to identifying a variant gene on the basis of 
structure is to determine whether a nucleic acid molecule encoding a potential variant 
TGF-beta b.nd.ng-protein gene can hybridize under stringent conditions to a nucleic 
acid molecule having the nucleotide sequence of SEQ ID Nos: 1 5 9 II 13 or 15 or 
a ponion thereof of at least 15 or 20 nucleotides in length. As an illustraion of 
stnngem hybridization conditions, a nucleic acid molecule having a variant TGF-beta 
b.nding-protein sequence can bind with a fragment of a nucleic acid molecule having a 
sequence from SEQ ID NO: 1 in a buffer containing, for example, 5xSSPE (IxSSPE = 
180 mM sodium chloride, 10 mM sodium phosphate, 1 mM EDTA (pH 7 7) 
SxDenhardfs solution (lOOxDenhardt's = 2% (w/v) bovine senim albumin 2V. (w/v) 
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F.coll, 2% (w/v) polyvinylpyrrolidone) and 0.5% SDS incubated overnioht at 5S-60X 
Post-hybndization washes at h.gh stringency are typically performed in 0 5xSSC 
(USSC - 150 mM sodium chloride, 15 mM trisodium citrate) or in 0.5xSSPE at 55-60 

Regardless of the particular nucleotide sequence of a variant TGF-beta 
bmdmg-protein gene, the gene encodes a polypeptide that can be characterized by its 
funcfonal activity, or by the ability to bind specifically to an anti-TGF-beta bindin- 
protem ant.body. More specifically, variant TGF-beta binding-protein .enes encode 
polypepfdes which exhibit at least 50%, and preferably, greater than 60 70 80 or 
90%, of the acfv.ty of polypeptides encoded by the human TGF-beta bindin-protein 
gene described herein. 
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4. Production of TGF-beta binding-protein in Cultured Cells 

To express a TGF-beta binding-protein gene, a nucleic acid molecule 
encodmg the polypeptide must be operably Hnked to regulatory sequences that control 
transcnptional expression in an expression vector and then introduced into a host cell In 
addmon to transcriptional regulatory sequences, such as promoters and enhancers 
express-on vectors can include translational regulatory sequences and a marker gene which 
is suitable for selection of cells that carry the expression vector. 

Expression vectors that are suitable for production of a foreign protein in 
eukaryotic cells typically contain (1) prokaiyotic DNA elements coding for a bacterial 
replication origin and an antibiotic resistance marker to provide for the groxvth and selection 
of the expression vector in a bacterial host; (2) eukaryotic DNA elements that control 
mitiation of transcription, such as a promoter; and (3) DNA elements that control the 
processing of transcripts, such as a transcription termination/polyadenylation sequence 

TGF-beta bmding-proteins of the present invention are preferably expressed 
m mammalian cells. Examples of mammalian host cells include African ^reen monkey 
kidney cells (Vero; ATCC CRL 1587), human embryonic kidney cells (^93-HEK ATCC 

r^^^rf ^'^"^ ^""^^ ^'^ ^^"'"^ •kidney cells 

(MDLK, ATCC CCL 34). Chinese hamster ovary cells (CHO-Kl; ATCC CCL61) rat 

pituitary cells (GHl; ATCC CCL82), HeLa S3 cells (ATCC rr\ o '>^ , u 
fUA TT n A-T-^^ (A ICC CCL2.2), rat hepatoma cells 

(H-4-II-E; ATCC CRL 1 548) SV40-transfonTred monkey kidney cells (COS-1; ATCC CRL 
1650) and murine embryonic cells (NTH-3T3; ATCC CRL 1658) 

For a mammalian host, the transcriptional and translational regulatory 
signals may be derived from viral sources, such as adenovirus, bovine papilloml virus 
simian virus, or the like, in which the regulatory signals are associated with a particular gene 
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which has a high level of expression. Suitable transcnptional and translational re»ulaton 
sequences also can be obtained from mammalian genes, such as act.n. collagen, mvolin. and 

metallothionein genes. 

Transcriptional regulatory- sequences include a promoter region sufficient to 
d.rect the initiation of RNA synthes.s. Suitable eukar,-otic promoters include the promoter 
of the mouse metallothionein 1 gene [Hamer et al., ./ Moke. Appi Genet 1-^13 I98-] the 
TK promoter of Herpes v.rus [McKnight, Cell 31:355. 1982], the SV40 early promoter 
[Beno.st et al., Nan.re 290.304. 1981], the Rou.s sarcoma vin.s promoter [Gorman et al 
Proc. Nan Acad Sci. USA -..6777, 1982], the cytomegalovirus promoter [Foeckm» et al ' 
Gene 75:101, 1980], and the mouse mamma^- tumor virus promoter (see. generally" 
Etchevero^ "Expression of Engineered Proteins in Mammalian Cell Culture" m 

Engineering: Principles and Practice. Cleland et ^^H. ^ ,o, . 

Sons. Inc 1 996)). 

Alternatively, a prokaryotic promoter, such as the bacteriophaue T3 RNA 
polymerase promoter can be used to control TGF-beta binding-protein .ene e;pression in 
mammahan cells if the prokaryotic promoter is regulated by a eukarvotic;romoter (Zhou et 
^VMol Cell. Biol /0:4529, 1990; Kaufman et al , AW. ^c/J.s /^e.v. /y.44S5, 1991). 

TGF-beta binding-protein genes may also be expressed in bacterial yeast 
msect, or plant cells. Suitable promoters that can be used to express TGF-beta bindinu.' 
protem polypeptides in a prokaryotic host are well-known to those of skill in the an and 
■nclude promoters capable of recognizing the T4, T3, Sp6 and T7 polymerases the P 
and P, promoters of bacteriophage lambda, the trp^ recA. heat shock, /act/7 "5 tac Ipp- 
facSpr, phoA. and lacZ promoters of E. coli. promoters of B. suhtilis. the promoters of 
the bacteriophages of Bacilln.s, Streptonnces promoters, the promoter of bacterio- 
phage lambda, the hla promoter of pBR322, and the CAT promoter of the chloram- 
phenicol acetyl transferase gene. Prokaryotic promoters have been reviewed by Glick 
.iind Microh.ol. 1:211, ,987, Watson et al., Molecular Biolog^^ of the Gene 4,h Ed 
(Benjamin Cummms 1987), and by Ausubel et al. (1995). 

Preferred prokaryotic hosts include E coli and Bacillus .suhtilus 
Suitable strams of £. coli include BL21(DE3), BL21(DE3)pLysS, BL2 l(DE3)pLysE 
DHK DH4I, DH5, DH5I, DH5IF'. DH5IMCR, DHIOB. DH,0B/p3, DHllS, C600 
HBlOl, JMlOl, JM105, JM109, JMl 10, K38, RRl, Y1088, Y1089, CSH18 ER14Sl' 
and ER1647 (see, for example. Brown (Ed ), Molecular Biology Lahfax (Academic 
Press 1991)) Suitable strains of Bacillus .suhtilus include BR15I \3886 Mm9 
MI120, and BI70 (see, for example. Hardy. "Bacillus Cloning Methods "'in DNA 
Clonmg: A Practical Approach, Glover (Ed.) (IRL Press 1985)). 
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Methods for expressing proteins in prokaryotic hosts are well-known to 
those of skill in the art (see, for example, Williams et al., ' Expression of foreign 
protems m £. coli using plasmid vectors and purification of specific polyclonal 
antibod.es. in DNA Cl.ning 2: Expression Systems, 2nd EclU.on. Glover et al '(eds ) 
page 15 (Oxford University Press 1995): Ward et al., "Genetic Manipulation and 
Express-on of Antibodies.'' in Monoclona, AntihoJies: Principles anj Appliccuions 
page 137 (Wiley-Liss, Inc. 1995); and Georgiou, "Expression of Proteins in Bacteria " 
m Protem Engineering: Principles anJ Practice, Cleland et al. (eds ). page 101 (John 
Wiley & Sons, Inc. 1996)). 

r^zr . . baculovirus system provides an efficient means to introduce cloned 

TGF.he,a hinding-proiein genes into insect cells. Suitable expression vectors are based 
upon X\^^ Auiographa caUfornica muKiple nuclear DolvheHrn.i. wio.c <s.s,^^.,s 
contain well-known promoters such as Drosophila heat shock protein (hsp) 70 
promoter. Auu>g,apha californica nuclear polyhedrosis vin.s immediate-early «ene 
promoter (/.-y) and the delayed early ii^A' promoter, baculovirus plO promoter, and^he 
Drosoplvia metallothionein promoter. Suitable insect host cells include cell lines 
derived from 1PLB-A7-21, a SpoUop.era frugiperJa pupal ovarian cell line, such as .V/9 
(ATCC CRL 1711), 6y21.AE, and 6721 (Invitrogen Corporation; San Diego CA) as 
well as Drosophila Schneider-2 cells. Established techniques for produdn. 
recombinant proteins in baculoviais systems are provided by Bailey et al° 
'Manipulation of Baculovirus Vectors,"' in Methods in Molecular Biology Volume 
Gene Transfer attd Expression Protocols, Murray (ed ), pages 147-168 (The Humana 
Press, Inc. 1991). by Patel et al.. "The baculovirus expression svstem." in DNA Cloning 
2: Expression Systems, 2nd Edition, Glover (eds ), pages 205-244 (Oxford 

University Press 1995). by Ausubel (1995) at pages ,6-37 to 16-57. by Richardson 
(ed ), Baculovirus Expression Protocols (The Humana Press. Inc. 1995) and by 
Lucknow. "Insect Cell Expression Technology." m Protein Engineering: Principles 
atid Practice, Cleland et al. (eds ). pages 183-218 (John Wiley & Sons. Inc. 1996) 

Promoters for expression in yeast include promoters from GALl 
galactose). PGK (phosphoglycerate kinase), ADH (alcohol dehydrogenase) AOXJ 
(alcohol oxidase). HIS4 (histidinol dehydrogenase), and the like. Many yeast donin. 
vectors have been designed and are readily available. These vectors indude YIp-based 
vectors, such as YIp5. YRp vectors, such as YRpl7. YEp vectors such as YEpl3 and 
YCp vectors, such as YCpl9. One skilled in the art will appreciate that there are a 
wide variety of suitable vectors for expression in yeast cells. 

Expression vectors can also be introduced into plant protoplasts, intact plant 
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tissues, or isolated plant cells. General methods of culturing plant tissues are provided, for 
example, by Miki et a!., "Procedures for Introducing Foreign DNA into Plants," in Mcihod. 
in PIcnn Molecular Bu>log^- cuid Bioieclmolog\ , Click et al. (eds.), paues 67-88 (CRC Press 
1993). 

.Aji expression vector can be introduced into host cells using a variety of 
standard techniques including calcium phosphate transfection. liposome-mediated 
transfection, microprojeciile-mediated delivei^, electroporation, and the like. Preferably, 
the transfected cells are selected and propagated to provide recombinant host cells thai 
comprise the expression vector stably integrated in the host cell genome. Techniques for 
introducing vectors into eukaryotic cells and techniques for selecting such stable 
transformants using a dominant selectable marker are described, for example, by Ausubel 
(1995) and by Murray (ed ), Gene Transfer and /^vnmvvvV,,, P, /u..J.„. n„.- 
1991). Methods for introducing expression vectors into bacterial, yeast, insect, and plant 
cells are also provided by Ausubel (1995). 

General methods for expressing and recovering foreign protein produced by 
a mammalian cell system is provided by, for e.xample, Etcheverry, "Expression of 
Engineered Proteins in Mammalian Cell Culture," in Proiein Engineenng. Principles and 
Practice, Cleland et al. (eds.), pages 163 (Wiley-Liss, Inc. 1996). Standard techniques for 
recovering protein produced by a bacterial system is provided by, for example, 
Grisshammer et al, "Purification of over-produced proteins from E. coli cells," in DNA 
Cloning 2: Expression Systems, 2nd Edition, Glover et al (eds ), pages 59-92 (Oxford 
University Press 1995). Established methods for isolating recombinant proteins from a 
baculovirus system are described by Richardson (ed ), Baculovirus Expression 
Protocols (The Humana Press, Inc., 1995). 

More generally, TGF-beta binding-protein can be isolated by standard 
techniques, such as affinity chromatography, size exclusion chromaioyraphy, ion 
exchange chromatography, HPLC and the like. Additional variations in TGF-beta 
binding-protein isolation and purification can be devised by those of skill in the art. 
For example, anti-TGF-beta binding-protein amibodies. obtained as described below, 
can be used to isolate large quantities of protein by immunoaffinity purification. 

5 Production of Antibodies to TGF-beta binding-proteins 

Antibodies to TGF-beta binding-protein can be obtained, for example, 
using the product of an expression vector as an antigen. Particularly useful anti-TGF- 
beta binding-protein amibodies "bind specifically" with TGF-beta binding-protein of 
Sequence ID Nos 2, 6, 10, 12, 14, or 16, but not to other TGF-beta binding-proteisn 
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such as Dan, Cerberus. SCGF, or Gre.lin. Antibodies of the present invent.on 
(mcludrng fragments and derivatives thereoQ may be a polyclonal or, especiallv a 
monoclonal antibody. The antibody may belong to any immunoglobulm class, and mav be 
for example an IgG, for example IgG,. IgG, lgG3, IgG,; IgE; IgM; or laA antibody' It 
:> may be of animal, for example mammalian ongin, and may be for example a murine rat 
human or other primate antibody. Where desired the antibody may be an internal isin.." 
antibody. ^ 

Polyclonal antibodies to recombinant TGF-beta bindinu-protein can be 
prepared us.ng methods well-known to those of skill in the art (see, for^example. Green 
.0 et al., Product.on of Polyclonal Antisera/' in In.munoc,e.ucaf Pro,oculs (Manson 
ed.X pages 1-5 (Humana Press 1992); W.lliams et al., "Expression of fore.un proteins 

in L. coh usmg plasmid vectors and ourificatinn nf co».;f-.. . .7 

r\\i i ni ■ ^ r~ ' •'f^""^'^ puivciuiiai aniiDooies, m 

DNA n,„„,g2: f^,,r..v.v/„„6V.,,™,.v, 2„JEJnJo,, Glover e,al. (eds ), pa.e (Oxford 
_ Un,v.r.„y Press ,995),. Although polyclonal antibodies are rypicallv rais'ed in animals 
.= such as ra,s, m.ce. rabbirs, _»oats, or sheep, an an,i-TGF-be.a bindin.-pro.ein an.ibody 
of ,he present invention may also be derived from a subhuman primate antibody 
General techniques for raising diagnostically and therapeutically useful antibodies in 
baboons may be found, for example, in Goldenberg et al,. international paten, 
publication No. WO 91/11465 (]99]\ ;,nH in i ^ . . h ^ 

,„ ,5,0 "iiTOD (1991). and in Losman et al.. /,«. ./ Cana-r 7,5:310. 

The antibody should comprise at least a variable region domain The 
variable region domain may be of any size or amino acid composition and will generally 
comprise at leas, one hypervariable amino acid sequence responsible for an,i.en-bindi„! 
embedded i„ a framework sequence. ,„ general ,erms the vanable (V) region d'omain may 

- be any suiuble a^angement of immunoglobulin heavy (Vh) and/or Ugh, (V,) chain 
variable domains. Thus for example the V region domain may be monomeric and be a V„ 
or V, domain where these are capable of independently binding antigen with accep,able 
affinity. Alternatively the V region domain may be dimeric and contain Vh-V„ V„-V, or 
V,-V, dime,, in which the V„ and V, chains are non-covalemly associated (abbreviated 

.0 ereinafter as F,,). Where desired, however, the chains may be covalently coupled either 
direaly for example via a disulphide bond between the two variable domains, or through a 
linker, or example a peptide linker, to font, a single chain domain (abbreviated hereinafter 
as sch^.). 

. "^^^ "'^y be any naturally occuring variable domain 

wh.ch has been created using recombmant DNA engineering techniques. Such engineered 
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versions include those created for example from natural antibodv variable regions by 
insertions, deletions or changes m or to the amino acid sequences of the natural antibodies 
Panicular examples of this type include those engineered variable region domains 
contaming at least one CDR and optionally one or more framework amino acids from one 
5 antibody and the remainder of the variable region domain from a second antibody. 

The variable region domain may be covalently attached at a C-terminal 
amino acid to at least one other antibody domain or a fragment thereof Thus, for example 
where a domain is present in the variable region domain this mav be linked to an 
immunoglobulin 1 domain or a fragment thereof. Similarly a domain mav be linked 

H) to a Cj; domam or a fragment thereof In this way for example the antibodv ma^• be a Fab 
fragment wherein the antigen binding domain contains associated and domains 
covalently linked at their C-termini to a CHI and C}. domain respectively The CKI 
domain may be extended with funher amino acids, for'example to pTovid'e^a hinirredon 
domain as found in a Fab' fragment, or to provide funher domains, such as antibodv CH2 

15 and CH3 domains. 

Another form of an antibody fragment is a peptide coding for a single 
complementarity-determining region (CDR). CDR peptides ("minimal reco^nit^on 
units ) can be obtained by constmcting genes encoding the CDR of an antibody of 
interest. Such genes are prepared, for example, by using the polymerase chain reaction 

20 to synthesize the variable region from RNA of antibody-producinu cells (see for 
example, Larrick et al.. Methods: A Companion ,o Method, in Enzynwiogy 2.106 
1991; Courtenay-Luck, "Genetic Manipulation of Monoclonal Amibodies " in 
Monoclonal Aniihodies: Production. Engineering and Clinical Application, Ritter et al. 
(eds ), page 166 (Cambridge University Press I99.S); and Ward et al "Genetic 

!5 Manipulation and Expression of Antibodies," in Monoclonal Antibodies: Principles 
and Applications, Birch et al., (eds ), page 137 (Wiley-Liss, Inc. 1995)). 

Antibodies for use in the invention may in general be monoclonal (prepared 
by conventional immunisation and cell fusion procedures) or in the case of fraizments 
derived therefrom using any suitable standard chemical e.g. reduction or enzymatic cleavage 

0 and/or digestion techniques, for example by treatment with pepsin. 

More specifically, monoclonal anti-TGF-beta binding-protein antibodies 
can be generated utilizing a variety of techniques. Rodent monoclonal antibodies to 
specific antigens may be obtained by methods known to those skilled in the an (see for 
example, Kohler et al.. Nature 256 A9S, 1975; and Coligan et al. (eds ). Current 

:> Protocols in Imnnmology; 7:2.5.1-2.6.7 (John Wiley & Sons 199!) ["Coligan"]. 
Picksley et al., "Production of monoclonal antibodies against proteins expressed'in E. 
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coHr in DNA Cloning 2: Expression Sys/cms, 2nc{ EJiiion. Glover et al. (eds ), paue 93 
(Oxford University Press 1995)). 

Briefly, monoclonal antibodies can be obtained by injectina mice with a 
composition comprising a TGF-beta binding-protein gene product, v'erifvm- the 
5 presence of antibody production by removing a serum sample, removinu the spleen to 
obtain B-lymphocytes, fusing the B-lymphocytes with myeloma cells to produce 
hybndomas, clonmg the hybridomas, selecting positive clones which produce 
ant.bod.es to the antigen, culturing the clones that produce antibodies to the antigen, 
and isolating the antibodies from the hybridoma cultures. 
10 In addition, an anti-TGF-beta binding-protein antibodv of the present 

.nvent.on may be derived from a human monoclonal antibody. Human monoclonal 

antibodies are obtained from transs^enir m\rf^ th^t Kow^ \^^^ : j , . 

..«vv. Kj^s^ii cii^iiiccicu lo proauce specitic 

human antibodies in response to antigenic challenge. In this technique, elements of the 
human heavy and light chain locus are introduced into strains of mice derived from 
1 5 embo'on.c stem cell lines that contain targeted disruptions of the endogenous heavy chain 
and light Cham loci. The transgenic mice can synthesize human antibodies specific for 
human antigens, and the mice can be used to produce human antibody-secretin» 
hybndomas. Methods for obtaining human antibodies from transgenic mice are described" 
for example, by Green et al.. Nature Genet. -;13. 1994; Lonberg et al.. Nature 368:S56, 
20 1994; and Taylor et al., //;/. Immiin. 6:579, 1994. 

Monoclonal antibodies can be isolated and purified from hybridoma 
cultures by a variety of well-established techniques. Such isolation techniques include 
affinity chromatography with Protein-A Sepharose, size-exclusion chromatography 
and lon-exchange chromatography (see, for example, Coligan at pages 2.7. 1-2.7J2 and 
25 pages 2.9. 1-2 9.3; Baines et al., "Purification of Immunoglobulin G (IgG) " in Methods 
in Molecular Biolog^>, Vol. JO, pages 79-104 (The Humana Press, Inc. 1992)). 

For panicular uses, it may be desirable to prepare fraaments of anti- 
TGF-beta binding-protein antibodies. Such antibody fragments can be obtained for 
example, by proteolytic hydrolysis of the antibody. Antibody frauments can be 
«) obtained by pepsin or papain digestion of whole antibodies by conventional methods 
As an Illustration, antibody fragments can be produced by enzymatic cleavage of 
antibodies with pepsin to provide a 5S fragment denoted F(ab'),. This fragment can be 
further cleaved using a thiol reducing agent to produce 3.5S Fab' monovalent 
fragments. Optionally, the cleavage reaction can be performed using a blocking aroup 
15 for the sulfhydryl groups that result from cleavage of disulfide linkages. As an 
alternative, an enzymatic cleavage using pepsin produces two monovalent Fab 
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fragm.„,s and an Fc fragmen, direCy. These n,e,hods are described, for example bv 
*f:2.0 ,960 Poaer, ./ Ede,n,an e. a,,, in A./«/,„i 

Other methods of cleaving antibodies, such as separation of heavv chains 
to form monovalent light-heavy chain fragments, funher cleavaue of fra..men,s or 
Cher enzymat.c, chemical or genetic techniques may also be uled, so Ion., as 'the 
fragments bind to the antigen that is recognized by the intact antibody 

Alternatively, the antibody may be a recombinant or enaineered antibodv 
obtained by the use of recombman, DNA techn.ques mvolving the mampulation and re- 
expresston of DNA encoding amibody variable and/or constant re,„„„. c„„. ox,, 
known and/or is readily available from DNA libraries including" for exampie^h^.i! 
anubody hbranes (see Chiswell, D J and McCafferry. J. Tibtech l£ 80-84 (1992)) or where 
des,red can be synthestsed. Standard molecular biology and/or chemisto- procedures may 
be used to sequence and manipulate the DNA, for example, to introduce codons to create 
cysteme res.dues, to modify, add or delete other amino acids or domains as desired 

From here, one or more replicable expression vectors containing the DNA 
may be prepared and used to transfon. an appropnate cell l.ne, e g. a non-producng 
-.veloma eel l,ne, such as a mouse NSO line or a bacterial, eg. line, in whic^ 

producon of the antibody wil, occur. ,n order to obtain emciem transcription and 
translanon. the DNA sequence ,„ each vector should tnclude appropnate Llato^ 
sequences, pantcularly a promoter and leader sequence operablv Imked to U,e 'variable 
do,r,a,n sequence Particular methods for producing antibodies ,n this way are ^ene,.lly 

de! rf 7k m ''°'°^y P-«d""- are 

York r989V DnT " '"""'""'^ ^='>-»^-. 
M6.. (1977)) and the Arrtersham Intemational pic sequencing handbook; and site direci;^ 
mutagenests can be carried out according to the method of Kramer e, a, (Nucl. Acids Res 
i=. 9441. (1984)) and the .^glian Biotechnology Ltd handbook. Additionally there are 
numerous publications, detailmg techniques suiuble for the preparation of antibodies by 
m mpulatton o DNA creation of expression vectors and transformation of appropnat 
cells, for example as reviewed by Mountain A and Adair, J R in Biotechnology and Genetic 
Engmeenng Rev.ews (ed. Tombs, M P. JO. Chapter I, 1992, Intercept, Andover, UK) and 
in International Patent Specification No. WO 9 1/09967. 

Where desired, the antibody according to the invention may have one or 
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more effector or repo„er molecufes anaehed .o i, and ,he i„.e„„o„ extends ,o such 
mod,fied pro.e,„s The effector or reponer molecules may be anached ,o the antibod 
through any avatlable amino acid side-chain, te^ina, amino acid or, where prl^ 
carbohydrate funconal group located in the antibody, always provided of course that this 
> does not adversely affect the binding p.perties and eventual usefulness of the mol^^T 

:2 : Tri ^^^^ ^--^'^ ^--0, thio,, ~ 

^ox I or aldehyde group. Anachmen, of the antibody and the effeaor and/or reporte; 
molecu,e<s, may be achieved via such groups and an appropriate funcona, group I the 
ff ctor or reponer molecules. The linkage may be direct or indirect, thtou.h spacin- o 

10 bridging groups. ^ ^pawm^ ui 

as enzvmat- c n^"""'" ''^'"P'^' antineoplastic agents, toxins (such 

as enzymaiically active toxins of bacterial r>r ni,nt . . ^ 

, ^ ""S"' iiayments tnereot e u ricin 

ZZIZ ^r''^*^'-"^ P---- -ntP-e -ymes. nucleic ac ds a 
figments thereof, e g DNA, RNA and fragments thereof, naturally occu^in. and synthetic 
1= polymers e.g polysaccharides and polyalkylene polymers such as polyfethyle'ne .|yL atd 
de_ thereof .^.onuCides, panicularly radioiodide, and chelL Luls rJi ab 

20 examnl. I. , '""""""^''^ '^""^ '•"''""^ cytotoxic and cytostatic agents for 

m^ , " •""''^■^ chlorambucil, melphaj 

mechlorethamtne, cyclophosphamide, or utaci, mustard) and der,vati;es the „f 
^ethylenephosphoramide, tnethylenethiophosphor-amide, busulphan. or citT' 
^metabolttes, such as methotrexate, fluorouracil, floxuridine, cvtarTbine mercapZr e 
*,oguan.ne, fluoroacetic acd or Ouorocitric acid. a„t,b,o.ics. such ^'.ZyZTl' 
2> bleomycn sulphate,, doxonrbicin, dauno^bicin, mitomycns (eg mitom cT 
acnomycns (e.g. dacinomycin, plicamycin, calichaemicin and derLtive^^rhZf ' 
asperamtcn and derivatives thereof; mitotic .nhibito., such as etopos.de vincr^ne o 

.::^m •^^'-^^ - ^'"^^"^ ^'y^'^ ^s 

m,cm-II, hormones, such as androgens (e.g. dromostanolone or testolactone) pro-estins 
3" e g meges.ro, acetate or medroxyprogeste^ne acetate,, esttogens (e.g. dime y,X^ 
dtphosphate. polyestradio, phosphate or estramustine phosphate, o^ antiestrogl T 

such as procarbazine; or imidazoles, such as dacarbazine. 

groups are calichaemicin and derivatives thereof 
(see for example South African Patent Specifications Nos. 85/879., 88/8 i 27 and 90nsT 

Chelated metals include chelates of di-or tripositive metals having a 



BNSDOCID: <WO O032773A1 



wo 00/32773 



PCT/US99/27990 



coord,nat,on number from 2 to 8 inclus.ve. Particular examples of such metals include 
technetium (Tc), rhenium (Re), cobalt (Co), copper (Cu), gold (Au), silver (Au) lead (Pb) 
bismuth (BO, mdium (In), gallium (Ga). y-nrium (Y), terbium (Tb), uadolinium (Gd) and 
scandium (Sc). In general the metal is preferably a radionuclide. Panicular radionuclides 
5 'nclude^-Tc ^^''Re, '^^Re, ^Vo, ^>"Co. "'Cu, ^''au, ''^V ""a. ^"Vb ^''^'Bi ^"^Bi 
"'ln.'>V^>«Ga,«V,%;'^-Tb.'-^^Gdand^V 

The chelated metal may be for example one of the above types of metal 
chelated with any suitable polydentate chelating agent, for example acvclic or cyclic 
polyammes, polyethers, (e.g. crown ethers and derivatives thereof); polyamides: porphvrms; 
!(• and carbocyclic derivatives. 

In general, the type of chelating agent will depend on the metal in use One 
panicularly useful group of chelating agents in conjugates according rn th. inw.n.;.„ 
however, are acyclic and cyclic polyammes, especially polyaminocarboxylic acids for 
e.vample diethylenetriaminepentaacetic acid and derivatives thereof, and macrocyclic 
amines, eg, cyclic tri-aza and tetra-aza derivatives (for example as described in 
International Patent Specification No WO 92/22583); and polyamides, especially 
desferrioxamine and derivatives thereof 

Thus for example when it is desired to use a thiol group in the antibody as 
the point of attachment this may be achieved through reaction with a thiol reactive .-roup 
20 present ,n the effector or reponer molecule Examples of such groups include In a- 
halocarboxyhc acid or ester, e.g iodoacetamide, an imide, e.g. maleimide, a vinvl sulphone 
or a disulph.de. These and other suitable linking procedures are uenerallv and more 
panicularly descnbed in International Patent Specifications Nos. WO 93/06^31 WO 
92/22583, WO 90/091 1 95 and WO 89/01476. 

ASSAY.S FOR SFT EC TING Moi FCl r L CS Wwru l^ru^^ASr. BOMF HPM.rT^ 

As discussed above, the presem invention provides methods for selecting 
and/or isolating compounds which are capable of increasing bone density. For example" 
within one aspect of the present invention methods are provided for deierminino 
whether a selected molecule is capable of increasing bone mineral content, comprising 

30 the steps of (a) mixing a selected molecule with TGF-beta binding protein and I 
selected member of the TGF-beta family of proteins, (b) determining whether the 
selected molecule stimulates signaling by the TGF-beta family of proteins, or inhibits 
the binding of the TGF-beta binding protein to the TGF-beta family of proteins 
Within cenam embodiments, the molecule enhances the ability of TGF-beta to 

33 function as a positive regulator of mesenchymal cell differentiation. 
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Within other aspects of the invention, methods are provided for 
determining whether a selected molecule is capable of increasing bone mineral content, 
comprising the steps of (a) exposing a selected molecule to cells which express TGF- 
beta binding-protein and (b) determining whether the expression (or activity) of TGF- 
5 beta binding-protein from said exposed cells decreases, and therefrom determininu 
whether the compound is capable of increasing bone mineral content. Within one 
embodiment, the cells are selected from the group consisting of the spontaneously 
transformed or untransformed normal human bone from bone biopsies and rat parietal 
bone osteoblasts. Such methods may be accomplished in a wide variety of assay 
10 formats including, for example, Countercurrent Immuno-Electrophoresis (CIEP), 
Radioimmunoassays, Radioimmunoprecipitations, Enzyme-Linked Immuno-Sorbeni 
Assays (ELISA), Dot Blot assays, inhibition or Comneririnn «cc«„c ..„^,..:.u 
assays {see U.S. Patent Nos. 4,376, 1 10 and 4,486,530; see also Annhodies: A 
Lahoralory Manual . supra). 

15 Representative embodiments of such assays are provided below in 

Examples 5 and 6. Briefly, a family member of the TGF-beta super-family or a TGF- 
beta binding protein is first bound to a solid phase, followed by addition of a candidate 
molecule. The labeled family member of the TGF-beta super-family or a TGF-beta 
bmdmg protein is then added to the assay, the solid phase washed, and the quantity of 

20 bound or labeled TGF-beta super-family member or TGF-beta binding protein on the 
solid support determined. Molecules which are suitable for use in increasing bone 
mineral content as described herein are those molecules which decrease the binding of 
TGF-beta binding protein to a member or members of the TGF-beta super-family m a 
statistically significant manner. Obviously, assays suitable for use within the present 

2. invention should not be limited to the embodiments described within Examples 2 and 3 
In particular, numerous parameters may be altered, such as by binding TGF-beta to a 
solid phase, or by elimination of a solid phase entirely. 

Within other aspects of the invention, methods are provided for 
determining whether a selected molecule is capable of increasing bone mineral content 

30 comprising the steps of (a) exposing a selected molecule to cells which express TGF- 
beta and (b) determining whether the activity of TGF-beta from said exposed cells is 
altered, and therefrom determining whether the compound is capable of increasing bone 
mmeral content. Similar to the above described methods, a wide variety of methods 
may be utilized to assess the changes of TGF-beta binding-protein expression due to a 

35 selected test compound. 
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For example, within one aspect of the present mvention methods are 
prov.ded for determining whether a selected molecule is capable of increasing bone 
mmeral content, comprising the steps of (a) mixmg a selected molecule with TGF-beta- 
bmdmg-protein and a selected member of the TGF-beta fam.lv of proteins 
. (b) determmmg whether the selected molecule up-regulates the siunalinu of the TGF- 
beta fam.ly of proteins, or inhibits the binding of the TGF-beta bindinulprotein to the 
TGF-beta fam.ly of proteins Within cenain embodiments, the molecule enhances the 
ab,l,ty of TGF-beta to function as a positive regulator of mechemchymal cell 
differentiation. 

'<» Similar to the above described methods, a wide variety of methods may 

be utthzed to assess stimulation of TGF-beta due to a selected test compound One 
such representative method is provided below in Example 6 (see also Hnrh.^ .... 
EnJo. yjrt: 1374- 1380. """ * 

Within yet other aspects of the present invention, methods are prov.ded 
1-^ for determ.n.ng whether a selected molecule .s capable of increasing bone mineral 
content, comprising the step of determining whether a selected molecule inhibits the 
bmdmg of TGF-beta binding-protein to bone, or an analogue thereof As utilized 
herein, ,t should be understood that bone or analogues thereof refers to hvdroxvapatite 
or a surface composed of a powdered form of bone, crushed bone o'r intact bone' 
20 S.m.lar to the above described methods, a wide variety of methods may be utilized to 
assess the inhibition of TGF-beta binding-protein localization to bone matrix One 
such representative method is provided below in Example 7. 

It should be noted that while the methods recited herein may refer to the 
analysis of an individual test molecule, that the present invemion should not be so 
-3 I.mited. In particular, the selected molecule may be contained within a mixture of 
compounds Hence, the recited methods may further comprise the step of isolating a 
molecule which inhibits the binding of TGF-beta binding-protein to a TGF-beta family 
member. 
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CANDEDATEMorprin 
A wide variety of molecules may be assayed for their ability to inhibit 
the binding of TGF-beta binding-protein to a TGF-beta family member. Representative 
examples which are discussed in more detail below include organic molecules proteins 
or peptides, and nucleic acid molecules. Although it should be evident from the 
discussion below that the candidate molecules described herein may be utilized in the 
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assays described herein, it should also be readily apparent that such molecules can also 
be utilized in a variety of diagnostic and therapeutic settins. 

1 Organic Molecules 

Numerous organic molecules may be assayed for the.r ability to inhibit 
. the bmdmg of TGF-beta binding-protein to a TGF-beta family member. 

For example, within one embodiment of the invention suitable or-anic 
molecules may be selected from either a chemical library, wherein chemical^ are 
assayed mdividualiy, or from combinatorial chemical libraries where multiple 
compounds are assayed at once, then deconvolved to determine and isolate the most 
10 active compounds. 

Representative examnlef; nf cnr^v. 

' '- "* — ^^"*i^«iiatuj iuj cnemicai libraries 

mclude those described by Agraf.otis et al., "System and method of automatically 
generatmg chemical compounds with desired properties," U.S. Patent No 5 463 564 
Armstrong, R.W., "Synthesis of combinatorial arrays of organic compounds through 
I. the use of multiple component combinatorial array syntheses," WO 95/02566; Baldwin 
J. J. et al., "Sulfonamide derivatives and their use," WO 95/24 1 86; Baldwin J J et al 
"Combinatorial dihydrobenzopyran library," WO 95/30642; Brenner S "New kit for 
preparing combinatorial libraries," WO 95/16918; Chenera, B. et al., "Preparation of 
l.brary of res.n-bound aromatic carbocyclic compounds," WO 95/167P Ellman J A 
20 "Solid phase and combinatorial synthesis of benzodiazepine compounds on a' solid 
support, U.S. Patent No. 5.288,514; Felder, E. et al., "Novel combinatorial compound 
hbranes, WO 95/16209; Lerner, R. et al., "Encoded combinatorial chemical libraries " 
WO9./20242; Pavia, MR. etal., "A method for preparing and selecting 
pharmaceutically useful non-peptide compounds from a structurally diverse universal 
^5 library," WO 95/04277; Summenon, J.E. and D.D Weller, "Morpholino-subunit 
combinatorial library and method," U.S. Patent No. 5,506,337; Holmes, C "Methods 
for the Solid Phase Synthesis of Thiazolidinones, Metathiazanones, and Derivatives 
thereof," WO 96/00148; Phillips, G.B. and G.P. Wei, "Solid-phase Synthesis of 
Benzimidazoles," Ter Lexers i" 4887-90, 1996; Ruhland, B. etal., "Solid-supported 
0 Combinatorial Synthesis of Structurally Diverse P-Lactams," ./ An,er. Chen. Soc 
y/y.^253-4, 1996; Look, G.C. etal., "The Indemifl cation of Cyclooxygenase-I 
nhibitors from 4-Thiazolidinone Combinatorial Libraries," Bioor, and Me J. Chen, 
Letters 6\101^\2^ 1996. 
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2. Proteins and Peptides 

A wide range of proteins and peptides raay likewise be utilized as 
candtdate n,oIecu,es for inhibitors of tl.e binding of TGF-beta bindin.-protein to a 
I Uh-beta family member. 

a. Combinatorial Peptide Libraries 

Peptide molecules which are putative inhibitors of the binding of TGF- 
beta brndrng-protem to a TGF-beta family member may be obtained thmuH, the 
screenmu of combinatorial peptide libraries. Such libraries mav either be prepared bv 
one of skill in the an (.see ..g.^ U.S. Patem Nos. 4,528,266 and 4,359,535. and Patem 
Cooperation Treaty Publication Nos. WO 92/15679, WO 92/15677, WO 90/0786^ WO 

90/02809. or Durcha.«:eri fmrr, . .... .. u/60_, 

Ri.i.K D;,r^TM„u — ny avaiiaoie sources (c.^.. New Enuland 

Biolabs Ph.D.TM Phage Display Peptide Library Kit). 

b. Antibodies 

Ant,bod,es which inhibit the bind.ng of TGF-beta bindin.-protein to a 
TGF-beta family mentber may readily be prepared g.ven the d.sclosure provided 
heretn. W.thm the context of the present invention, antibodies are understood to 
mclude monoclonal antibodies, polyclonal antibodies, anti-idiotypic antibodies 
an .body fragments i.g.. Fab, and F(ab-),, F„ variable regions, or complementarity 
determ,„,ng regtons). As d.scussed above, antibodies are understood to be specif.c 
aga,„st TGF-beta b.nding-protein , or against a specf.c TGF-beta family member if 

Tnst °' '° P-f-Wy greater than or equal 

o 10 M, and do no, bind to other TGF-beta binding-proteins, or, bmd with a K3 of 
ess than or equal ,0 lO^M Funhermore, antibod.es of the present invention should 
block or ,„h,b,t the b,nding of TGF-beta binding-protein ,0 a TGF-beta family member 

inh hv f °' ' ""•O'^y °' finding partner, as well as 

nh,b.t,on of b,nd,ng can be readily determined by one of ordinary skill in the an 
Scatchard,.4;m. A'.r. .4cad. j/;660.672, 1949). 

Briefly, polyclonal antibodies may be readily generated by one of 
crdtnary skill in the an from a variety of warm-blooded an.mals such as horses cows 
vanous fowl, rabbits, mice, or rats. Typically, the TGF-beta bindtng-protein or unique 
P=pt.de .hereof of 13-20 amino acids (preferably conjugated to kevhole limpet 
hemocyanm by cross-linking with glutaraldehyde, is utilized ,0 immunize the animal 
through mtraperitoneal, intramuscular, intraocular, or subcutaneous iniections alono 
with an adjuvant such as Freund's complete or .ncomplete adjuvant. Following several 
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booster .mmunizations, samples of serum are collected and tested for reactivity to the 
protem or peptide. Panicuiarly preferred polyclonal antisera will .ive a si.nal on one 
of these assays that is at least three times greater than background. Once thJtiter of the 
an.mal has reached a plateau in terms of its reactivity to the protein, lar.er quamities of 
. antisera may be readily obtained either by weekly bleedings, or by e.x;an^uinatinc. the 
animal. 

Monoclonal antibodies may also be readily generated using convemional 
techniques (.see U.S. Patem Nos. RE 32,01 1, 4,902,614, 4,543 439 and 4 411993 
wh.ch are incorporated herein by reference; see also Monoclone, AnnHoJies 
.0 HyHnJomas: A Ne.r Din^ension in 3io,o,ica, Analyses, Plenum Press, Kennett' 
McKearn, and Bechtol (eds.). 1980, and AnnHoclies: A LaHora.ory MannaL Harlow and 
Lane (eds.). Cold Spring Harbor Laboratory Press, 1988, which are also incornnr...H 
herein by reference). 

^ ^"^^y- ^'"bodiment a subject animal such as a rat or mouse 
.s .mmumzed with TGF-beta binding-protein or ponion thereof as described above 
The protem may be admixed with an adjuvant such as Freund's complete or incomplete 
adjuvant m order to increase the resultant immune response. Between one and three 
weeks after the initial immunization the animal may be re.mmunized with another 
booster immunization, and tested for reactivity to the protein utilizing assays described 
2(. above. Once the animal has reached a plateau in its reactivity to the injected protein it 
.s sacrificed, and organs which contain large numbers of B cells such as the spleen and 
lymph nodes are harvested. 

Cells which are obtained from the immunized animal may be 
.mmonahzed by infection with a viois such as the Epstein-Barr virus (EBV) (see 

2. Glasky and Reading, HyMon,a ^(4):377-389, 1989). Alternatively, within a 
preferred embodiment, the harvested spleen and/or lymph node cell suspensions are 
fused with a suitable myeloma cell in order to create a "hybridoma" which secretes 
monoclonal antibody. Suitable myeloma lines include, for example, NS-1 (ATCC No 
TIB 18), and P3X63 - Ag 8.653 (ATCC No. CRL 1580). 

30 Following the fusion, the cells may be placed into culture plates 

containing a suitable medium, such as RPMl 1640, or DMEM (Dulbecco's Modified 
Eagles Medium) (JRH Biosciences, Lenexa, Kansas), as well as additional ingredients 
such as fetal bovine serum (FBS, /.., from Hyclone, Logan. Utah, or JRH 
Biosciences). Additionally, the medium should contain a reagent which selectively 

>^ allows for the growth of fused spleen and myeloma cells such as HAT (hvpoxanthine 
aminopterin. and thymidine) (Sigma Chemical Co., St. Louis, Missouri). 'After aboui 
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seven days, the resulting fused cells or hybridomas may be screened in order to 
determine the presence of antibodies which are reactive against TGF-beta bindmu- 
protein (depending on the antigen used), and which block or inhibit the binding of 
TGF-beta binding-protein to a TGF-beta family member. 

■'^ '''''^^ ^'^""'^^y °^ ^says may be utilized to determine the presence of 
antibodies which are reactive against the proteins of the present invention, including for 
example countercurrent immuno-electrophoresis, radioimmunoaslavs 

radio.mmunoprecpitations, enzyme-linked immuno-sorbent assays (ELISA), dot blot 
assays, western blots, immunoprecipitation, inhibition or competition assays and 
10 sandwich assays (.se. U.S. Patent Nos. 4,376, 1 10 and 4.486,530: see also 4nnhoJics- 4 
Laboratory Manual, Harlow and Lane (eds.). Cold Spring Harbor Laboratory Press 
1988). Following several clonal dilutions and reassays., a hvbridoma producing 
antibodies reactive against the desired protein may be isolated. 

Other techniques may also be utilized to construct monoclonal 
.5 antibodies (see Will.am D. Huse et al., "Generation of a Large Combinational Library 
of the Immunoglobulin Repertoire in Phage Lambda," Science ^-/rJ n75-P8l 
December 1989; see also L. Sastry et al., 'Cloning of the Immunolouical Repenoire in 
Escherichia coli for Generation of Monoclonal Catalytic Antibodies Construction of a 
Heavy Cham Variable Region-Specific cDNA Library," Proc. Na,l. Acad Sci US4 
20 <^<5.-5728-5732. August 1989; see also Michelle Alting-Mees et al.. "Monoclonal 
Antibody Expression Libraries; A Rapid Alternative to Hybridomas," Straiegies in 
Molecular Biology 3:1-9, January 1990). These references describe a commercial 
system available from Stratagene (La Jolla, California) which enables the production of 
antibodies through recombinant techniques. Briefly, mRNA is isolated from a B cell 
25 population, and utilized to create heavy and light chain immunoulobulin cDNA 
expression libraries in the ?.lmmunoZap(H) and >.ImmunoZap(L) vectors These 
vectors may be screened individually or co-expressed to form Fab fragments or 
antibodies (.v.. Huse et al., supra; see also Sastry et al., supra). Positive plaques may 
subsequently be convened to a non-lytic plasmid which allows high level expression of 
30 monoclonal antibody fragments from E. coli. 

Similarly, portions or fragments, such as Fab and Fv fragments of 
antibodies may also be constructed utilizing conventional enzymatic diuestion or 
recombinant DNA techniques to incorporate the variable regions of a ^ene which 
encodes a specifically binding antibody. Within one embodiment, the genes which 
3. encode the variable region from a hybridoma producing a monoclonal antibody of 
•merest are amplified using nucleotide primers for the variable region. These primers 
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may be synthesized bv one of nrd'm^r^- d- ii - 

^ou. and Hu™„ .3„aMe ..Ions ,„c,udi„,, a.on, o.he., p.™L fo/v^ 
i^cu inio 6«//, yeast, or mamma lan-based sv<:TpmQ f^r 

r;::;^ tt-- — ^ 

-hul k'T' -'"^^^ ^"-^^ = anybody ; a 

hu.a„ antibody, w„hou, ahering ,he binding specif,ci,v of .he antibody 

Once suitable antibodies have been obt,i„M ,1, . 

purified by n,any ,ech„.,ues we,, K-no^vn to those of 'o;;in:;y's:;;;'ir,brr< " 
.4.,-W,V.v.. A La,„r.„„y Ma,n,a/. Harlow and Lane (eds ) Co d S m k"' 
15 Laboratory Press 1988) Sui,«hl, , ■ - ''""'^ 

columns ^LC or WLC r "'"'"^ °^ ^ffl-.ni.y 

co^brna'tton of tb^eTer^ues" """" ^ °' ° 

c. Mutant TGF-beta binding-proteins 

As described herein and below in the ExamDle. u p , o 
9), altered versions of TGF h.t. w ■ ^^^"^P'es (e.g.. Examples 8 and 

J ers.ons ot TGF-beta bmdmg-protem which compete with native TGF h.t. 

which bind to the TGF beta f.mil k u TGF-beta bmdmg-protein 

h.., f ■> ^ V ^ ^^""'y '"^"'ber but do not inhibit the function of the TGF 
beta family member would meet the crirpri;, tu 

^ --«=w^-beendo.e„ousinbibil~J:;~ 

d. Production of proteins 

it should T""^*! '^'""^ "'"'"'^ t=^n provided herein 

■t hould be understood that within the context of the present invention reference to 

---..:a.arei::de::y\h~ti:^^^^^^^^^^^^^^ 

nucleonde sequence is deemed to be -substantially similar" f V 
sequence ts derived from the cod.ng region of the above^ c ib d . „L and ^ Pd 
•or example, portions of the sequence or allel.c variations of the s^rncr d^s: 
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above, or aUerna.ively, encodes a molecule which inhibits ,he b.nd.nu of TGF-be,a 
b,nd,„,.pro,=,n ,o a member of ,he TGF-be,a family, (b„he nucleotide sec,uence ,s 
capable of hybr.d.za.ion ,o nucleotide sequences of the present invention under 
moderate, htgh or very high stringency Sambrook et al.. M,.„c,„ar Clonin. 4 

(c)the DK.A sequences are degenerate as a result of the genetic code to the DMA 
sequences denned ,n ,a) or (b) Funher, ,he nucleicacid molecule dtsciosed herein 
includes both complementary and non-complementary sequences, provided the 
sequences otherwise meet the criteria set fonh herein. Within the context of the present 

o77d, ''fj^'T' hybridizatton conditions 5.XSSPE, 

u /o bus at 6:)°C, or the equivalent). 

The structure of the orotein.*; pnrr^H^^ k,, 

. . ^ . . Mucieic acia molecules 

descnbed heretn may be predicted from the primary translation products us.nu the 
y rophobtcty p,„, function of. for example, P/C Gene or InteMt.enetics Suite 
On elhgenettcs, Mounta.n View, California), or according to the methods described by 
Kyte and Doolittle (./ Ma/. Biol, yj": 105-132, 19S2) 

Proteins of the present invention may be prepared in the form of acidic 
or bastc salts, or ,n neutral form In addition, individual amino acid residues may be 
modtfied by ox.dat.on or reduction. Furthermore, various substitutions, deletions, or 
ad tons may be made to the amino acid or nucleic acid sequences, the net effect of 
w c ,s ,0 retatn or further enhance or decrease the biological activity of the mutant or 
w.ld- ype protetn. Moreover, due to degeneracy in the genettc code, for example the e 
may^be considerable variation in nucleotide sequences encoding the same amino acid 

Other derivatives of the proteins disclosed herein include conjugates of 
he protetns along with other protetns or polypeptides. This may be accomplis'hed for 

adTd r / " ^ °f N-terminal or C-terminal fusion proteins which may be 

dde d o factlttate purification or identification of proteins (,v.e U.S Paten, No 

4.851. .41, Hoppetal.,a„/n.rt„„/„»..:,204, 1988.) Alternatively fusion 

pro e,„s such as Flag/TOF-beta binding-protein be const^cted in order to assL in the 

identtflcation. expression, and analysis of the protein. 

v„„ r y""" °' constrttcted using a wide 

vanety of techniques described herein, Funher, mutattons may be introduced at 
pantcular loc, by s.vnthesizing oligonucleotides containing a mutant sequence, flanked 
by restrtctton sttes enabling ligation to fragments of the nattve sequence. Following 
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ligation, the resulting reconstructed sequence encodes a derivative havinu the desired 
amino acid insertion, substitution, or deletion. 

Alternatively, oligonucleotide-directed site-specific (or se-ment 
specific) mutagenesis procedures may be employed to provide an altered ^ene havinu 
panicular codons altered according to the substitution, deletion, or insenion required" 
Exemplar>' methods of making the alterations set forth above are disclosed bv Walder 
etal. iCne ^2:133, 1986); Bauer et al. (Gene i-:73, 1985); Craik iBiolecHnun.s 
January 1985. 12-19); Smith etal iGencic En^,nccrin,: Pnnciples a„J Me^hoUs 
Plenum Press, 1981); and Sambrook et al. (^supraY Deletion or truncation derivatives 
of proteins {e.g., a soluble extracellular portion) may also be constoicted bv utilizing 
convenient restriction endonuclease sites adjacent to the desired deletion. Subsequent 

to restriction, overhangs may be filled in. anH th^ nvA . . 

of making the alterations set forth above are disclosed by Sambrook etal. m>leculur 
Uonmg: A Laboratory Manual, 2d Ed., Cold Spnng Harbor Laboratory Press 1989) 

Mutations which are made in the nucleic acid molecules of the present 
invention preferably preserve the reading frame of the coding sequences. Furthermore 
the mutations will preferably not create complementary regions that could hybridize to 
produce secondary mR^'A stoictures. such as loops or hairpins, that would adversely 
affect translation of the mRNA. Although a mutation site may be predetermined it is 
not necessary that the nature of the mutation per .se be predetermined. For exampie in 
order to select for optimum characteristics of mutants at a given site random 
mutagenesis may be conducted at the target codon and the expressed mutants screened 
for indicative biological activity. Alternatively, mutations may be introduced at 
particular loci by synthesizing oligonucleotides containing a mutant sequence flanked 
23 by restriction sites enabling ligation to fragments of the native sequence Followin- 
ligation, the resulting reconstnacted sequence encodes a derivative having the desired 
ammo acid insertion, substitution, or deletion. 

Nucleic acid molecules which encode proteins of the presem invention 
may also be constoicted utilizing techniques of PCR mutagenesis, chemical 
30 mutagenesis (Drinkwater and KHnedinst, PNAS 55:3402-3406, 1986) by forced 
nucleotide misincorporation {e.g., Liao and Wise Gene 55:107-1 11, 1990) or by use of 
randomly mutagenized oligonucleotides (Horwitz et al.. Genome 3: 1 12-117, 1989) 

The present invention also provides for the manipulation and expression 
of the above described genes by culturing host cells containing a vector capable of 
expressing the above-described genes. Such vectors or vector constn^cts include either 
synthetic or cDNA-derived nucleic acid molecules encoding the desired protein which 
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re operably hnked ,o suitable ,ra„scrip„o„al or ,ra„sU,ional re.ula.orv element 
Su, able regulatory elements n,ay be derived from a var.ety of sources. ,„cludin.. 
aeter,3,, fu„,al. v.ral, ma™n,alian. .nsect, or plant ,e„es. Selection of approprta,' 
• "-^"'"7/ 7="'= ^^P-"™ - '"e host cell chosen, and mav be readily 
. accompbshed by one of ordinary skill in the an. Examples of re.ula,orv elements 
.nclude: a transcriptional promoter and enhancer or R1,A poK.merase bindin., 
sequence, a transcriptional terminator, and a ribosomal binding sequence, includ.n.. I 
translation initiation signal. ^ 

,„ mav b H , """" °' ^hove 

... may be readfy expressed by a w,de variety of prokaryot.c and eukaryot.c host cells 
mc udtn, bacterta, mammalian, yeast or other fungi, viral, tnsect, or plant cells' 
Methods for transforming or transfeaing such cells to express fore,.n n... .„ 
Known ,n the a„ (see e.^., ,tak„ra e, al., U.S. Patent No. 4,704,362; Hintie'nV'aV 
/^'fjc. Nail. AcaJ. Sci. USA ~i- IQ-'Q-lQ^:! iq7<5. 

X, -> i^-y-iyjj, I97S; Murray eta US Parent 

No 47660 5 dV'f- ' C--^^' "al. U.S. Patent 

ed Cold f T i"*-"'n A*,W. 2nd 

ed Cold Spnng Harbor Laboratory Press. 1989; for plant cells see Czako and Manon 

7Z -d Paszkowski etal., _V:387-392; 

inclnH r '"^ "^-^'"S O"' 'he present invention 

bactenal speces well known to one of ordinary skill in the art RepresLtat.ve 
examples of bacterial host cells .nclude (Stratagene, LaJolla, Califo,^'" 

fon„v, • u^r'"" '""■P™^ " P'^-ot- which 

f neons ,n the host cell, one or more selectable phenotyp.c markers, and a bactenal 

.g.n o rep„cat,o„ Representative promoters .nclude the ^-lactamase (penicillinase, 
and lactose promoter system (.,«- Chang etal., Na„„. 2-S:6,i. ,97s,, the T7 RJ.A 
polymerase promoter (Studier e, al., M.,/,. £„,vW. /*5:60.89, ,990, the lambda 
promoter (Elvin et al., Ce„e «" P3-P6 19901 ,t,. , 

v=„„fci ^ '• "P promoter (Nichols and 

reJl , '^=P^«='«a"ve selectable markers include various antibiotic 

r ststance markers such as the kanamycin or ampicillin resistance genes Many 

others, pBR.22 (s.e Bohvar etal., OV,,. 2:95, 1977), the pUC plasmids pUCIs! 
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PUCI9, pUCllS, PUC119 (see Messing. A/cv/;. in Enzvmolo^- /fl/ .0-77 19S3 and 
V,e,ra and Messing, Gene 79:259-268, 1982). and pNrHSA. pNHiea, pWilSa and 
Bluescnpt M13 (Stratagene, La Jolla, California). 

Yeast and fungi host cells suitable for carrv-ing out the present invention 
include, among others, Saccharon^yces pomhe. Saccharomyces cerevisiae^ the -enera 
l^.chu. or Kh.yveromyces and various species of the genus Asperi^Ulas (McKni..ht%t al 
U.S. Patent No. 4,935,349). Suitable expression vectors for veast and fun^i^ndude' 
among others, YCp50 (ATCC No. 37419) for yeast, and the amdS cloning ;ector pVl 
(TurnbuII, Bio/Technolngy -;169, 1989), VTlp7 (Struhl et al., Proc. Ncal Acad Sci 
USA -6.1035-1039, 1978), YEpl3 (Broach et al.. Gene A':121-133 1979) pJDB^49 
and PJDB219 (Beggs, Nanne 2-5:104-108, 1978) and derivatives thereof 

Preferred promoters for use in vM«:f in.>i..H^ 

-• ...w.-ww pitfiiiwicis iiuiri veast 

glycolytic genes (Hitzeman et al., ./. Bio/. Chen,. 255:12073-12080 1980 Alber' and 
Kawasaki, ./. W App/. Gene,. y:419-434. 1982) or alcohol dehvdrouenase genes 
(Young etal., ,n Generic Engineering of Microorganisms for Chemicals Holiaender 
et al. (eds.), p. 355, Plenum, New York, 1982, Ammerer, Me,h. Enzvmol 70/ 19^-->01 
198.). Examples of useful promoters for fungi vectors include those derived from 
A.sperg,nns niUulans glycolytic genes, such as the aUhS promoter (McKni^ht et al 
EMBOJ. V:2093-2099, 1985). The expression units may also include a transcriptional 
termmator. An example of a suitable terminator is the adhS terminator (McKni^ht 
et a!., ihid.^ 1985). ~ 

As with bacterial vectors, the yeast vectors will generally include a 
selectable marker, which may be one of any number of genes that exhibit a dominant 
Phenotype for which a phenotypic assay exists to enable transformants to be selected 
Preferred selectable markers are those that complement host cell auxotrophy provide 
antibiotic resistance or enable a cell to utilize specific carbon sources, and include lerP 
(Broach etal., ihid.y ura3 (Botstein etal.. Gene ,979), or his3 (Struhl etal' 

>h.d). Another suitable selectable marker is the ca, gene, which confers 
chloramphenicol resistance on yeast cells. 

Techniques for transforming fungi are well known in the literature and 
have been described, for instance, by Beggs {ihid.), Hinnen et al. iProc. Natl Acad 
Sc.. USA -5:1929-1933, 1978), Yelton etal. (Proc. Nad. Acad Sci. USA 81X140- 
1747, 1984), and Russell i^Nainre i./:167-,69, ,983). The genotype of the host cell 
may contain a genetic defect that is complemented by the selectable marker present on 
the expression vector. Choice of a panicular host and selectable marker is well within 
the level of ordinary skill in the an. 
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Protocols for the transformation of yeast are also well known to those of 
ordinary sk.ll in the an. For exarrple, transformation mav be readilv accomplished 
euher by preparation of spheroplasts of yeast with DNA (sec Hinnen et al PN4 V US 4 
x.\929, 1978) or by treatment with alkaline salts such as LiCI (.v^.^ Itoh et al /. 
; Baceriology /i5:,63, 1983). Transformation of fungi may also be carried out usm» 
polyethylene glycol as described by Cullen et al. Wio/Tcchnolog^ 5 369. 1987) 

Viral vectors include those which comprise a promoter that directs the 
expression of an isolated nucleic acid molecule that encodes a desired protein as 
described above. A wide variety of promoters may be utilized within the context of the 
present invention, including for example, promoters such as MoMLV LTR RSV LTR 
Fnend MuLV LTR, adenoviral promoter (Ohno et al.. Science 265:7SU7S4 1994)' 

neomycin phosphotransferase Dromoter/ftnhpn,-*.r : „. . ' 

• p"'v(jviiu5 promoter (Koerinu 

etal., Hnnr Gene Therap. 5:457-463, 1994), Herpes TK promoter, SV40 promoter" 
metallothionein 11a gene enhancer/promoter, cytomegalovirus immediate early 
promoter, and the cytomegalovirus immediate late promoter. Within particularly 
preferred embodiments of the invention, the promoter is a tissue-spec.fic promoter (.ve. 
..^ WO 91/02805; EP 0,415,731; and WO 90/07936). Representative examples of 
suitable tissue specific promoters include neural specific enolase promoter, platelet 
derived growth factor beta promoter, bone morphogeny protein promoter, human 
alpha] -chimaenn promoter, synapsin 1 promoter and synapsin II promoter. In addition 
to t e above-noted promoters, other viral-specific promoters (..^.. retroviral promoters 
including those noted above, as w.ll as others such as HIV promoters), hepatites 
herpes (e.^., EBV), and bacterial, fungal or parasitic (e.g., malarial) -specific promoters 
may be utilized in order to target a specific cell or tissue which is infected with a virus 
bacteria, fungus or parasite. 

Mammalian cells suitable for carrying out the present invention include 
among others COS, CHO, SaOS, osteosarcomas. KS483, MG-63. primary osteoblasts' 
and human or mammalian bone marrow stroma. Mammalian expression vectors for use 
m carrying out the presem invemion will include a promoter capable of directing the 
transcription of a cloned gene or cDNA. Preferred promoters include viral promoters 
and cellular promoters. Bone specific promoters include the bone sialo-protein and the 
promoter for osteocalcin. Viral promoters include the cytomegalovims immediate early 

promoter (Boshart etal CcH -// 5"? i.s^n iosn\ ^ . i • 

ai., ut// -/y.3_i-5ju, 1983), cytomegalovirus immediate late 

promoter, SV40 promoter fSubramani et al , MV. Cell. Biol 7:854-864 1981) MMTV 

LTR, RSV LTR, metallothionein-1, adenovirus Ela. Cellular promoters include the 

mouse metallothionein-] promoter (Palmiter etal., U.S. Patem No 4 579 S'']) a 
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mouse promoter (Bergman et al., Proc. Natl. Acad. Sal USA A7 7041-7045 19S3 
Grant etal., Nnc/. AciJs Res. J 5:5496, 1987) and a mouse Vh promoter (Loh et al ' 
Cel/ iJ:85-93, 1983). The choice of promoter will depend, at least in paa, upon the 
level of expression desired or the recipient cell line to be transfected. 
5 Such expression vectors may also contain a set of RNA splice sites 

located downstream from the promoter and upstream from the DNA sequence encodin- 
the peptide or protein of interest. Preferred RNA splice sites may be obtained from 
adenovirus and/or immunoglobulm genes. Also contained in the expression vectors is a 
polyadenylation signal located downstream of the coding sequence of interest Suitable 
10 polyadenylation signals include the early or late polyadenylation signals from SV40 
(Kaufman and Sharp, ihij.), the polyadenylation signal from the Adenovirus 5 ElB 
region and the human growth hormone gene terminator (DeNoto et a!., Nnc. AciJs Res. 
9:3719-3730. 1981). The expression vectors may include a noncodina viral leader 
sequence, such as the Adenovirus 2 tripanite leader, located between the promoter and 
.5 the RNA splice sites. Preferred vectors may also mclude enhancer sequences, such as 
the SV40 enhancer. Expression vectors may also include sequences encodin" the 
adenovirus VA RNAs. Suitable expression vectors can be obtained from commercial 
sources {e.g., Stratagene, La Jo I la, California). 

Vector constructs comprising cloned DNA sequences can be introduced 
20 mto cultured mammalian cells by, for example, calcium phosphate-mediated 
transfection (Wigler etal., Ce// 14:125, 1978; Corsaro and Pearson, Somanc Cell 
Genetics '.603, 1981; Graham and Van der Eb, Vitology 52:456, 1973), electroporation 
(Neumann etal., EMBO .J. 7:841-845, 1982), or DE.AE-dextran mediated transfection 
(Ausubel etal. (eds ), Current Protocoh in Molecular Biology, John Wiley and Sons 
23 Inc., NY, 1987). To idemify cells that have stably integrated the cloned DNA a 
selectable marker is generally introduced into the cells along with the gene or cDNA of 
interest. Preferred selectable markers for use in cultured mammalian cells include 
genes that confer resistance to drugs, such as neomycin, hygromycin, and methotrexate 
The selectable marker may be an amplif.able selectable marker. Preferred amplifiable 
30 selectable markers are the DHFR gene and the neomycin resistance gene. Selectable 
markers are reviewed by Thilly {Mammalian Cell Technology, Butterworth Publishers 
Stoneham, Massachusetts, which is incorporated herein by reference). 

Mammalian cells containing a suitable vector are allowed to grow for a 
penod of time, typically 1-2 days, to begin expressing the DNA sequence(s) of interest 
3. Drug selection is then applied to select for growth of cells that are expressing the 
selectable marker in a stable fash.on. For cells that have been transfected wirh an 
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amplifiable. selectable marker the drug concentration may be increased in a stepvsise 
manner to select for increased copy number of the cloned sequences, thereby increasing- 
expression levels Cells expressing the introduced sequences are selected and screened 
for production of the protein of interest in the desired form or at the desired level 
Cells that satisfy these criteria can then be cloned and scaled up for production. 

Protocols for the transfeciion of mammalian cells are well known to 
those of ordinary skill in the art. Representative methods include calcium phosphate 
mediated transfection, electroporation, lipofection. retroviral, adenoviral and protoplast 
fusion-mediated transfection (.see Sambrook et al., .supra). Naked vector constoicts can 
also be taken up by muscular cells or other suitable cells subsequent to injection into 
the muscle of a mammal (or other animals). 

Numerous insect hoist celk lnr\Mff^ tu^ ^ 1„» i ^ . ... 

" " "^"^ aiiu uc ui>eiui vviinm tne 

present invention, in light of the subject specification. For example, the use of 
baculovioises as vectors for expressing heterologous DNA sequences in insect cells has 
been reviewed by Atkinson et al. (Pe.sric. Sci. 26':2 1 5-224. 1990) 

Numerous plant host cells known in the an can also be useful within the 
present invention, in light of the subject specification. For example the use of 
Ag^ohacenun, rhizogene.s as vectors for expressing genes in plant cells has been 
reviewed by Smkar et al. (./ Bio.sci. {Bangalore) 7/ 47-58, 1987). 

Within related aspects of the present invention, proteins of the present 
invention may be expressed in a transgenic animal whose germ cells and somatic cells 
contain a gene which encodes the desired protein and which is operably linked to a 
promoter effective for the expression of the gene. Alternatively, in a similar manner 
transgenic animals may be prepared that lack the desired gene {e.g., "knock-ouf mice) 
Such transgenics may be prepared in a variety of non-human animals, including mice 
rats, rabbits, sheep, dogs, goats and pigs {.see Hammer et al.. Nature i/i 680-683 
1985, Palmiter et al.. Science 222:809-814, 1983, Brinster et al., Proc. Nail Acad Sci 
USA 82:4438-4442, 1985. Palmiter and Brinster, Cell V/:343-345 1985 and US 
Patem Nos. 5.175.383, 5,087.571, 4,736,866. 5,387.742, 5.347,075, 5,221,778. and 
5,175.384). Briefly, an expression vector, including a nucleic acid molecule io be 
expressed together with appropriately positioned expression control sequences is 
introduced mto pronuclei of fertilized eggs, for example, by microinjection. Integration 
of the injected DNA is detected by blot analysis of DNA from tissue samples It is 
preferred that the introduced DNA be incorporated into the uerm line of the animal so 
that ,t IS passed on to the animal's progeny. Tissue-specific expression may be 
achieved through the use of a tissue-specific promoter, or through the use of an 
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inducible promoter, such as the metailothionein gene promoter (Palmiter etal.. 19S3, 
ihicf), which allows regulated expression of the transgene. 

Proteins can be isolated by, among other methods, culturing suitable 
host and vector systems to produce the recombinant translation products of the present 
invention. Supernatants from such cell lines, or protein inclusions or whole ceils where 
the protein is not excreted into the supernatant, can then be treated bv a variety of 
purification procedures in order to isolate the desired proteins. For example, the 
supernatant may be first concentrated using commercially available protein 
concentration filters, such as an Amicon or Millipore Pellicon ultrafiltration unit. 
Following concentration, the concentrate may be applied to a suitable purification 
matrix such as, for example, an anti-protein amibody bound to a suitable support. 

Alternatively, anion or cation exchange resin.«; mav hf. Prnr.i«x,«^ ;„ ^.a^ :r.. 

protein As a further alternative, one or more reverse-phase hiah performance liquid 
chromatography (RP-HPLC) steps may be employed to further purify the protein. 
Other methods of isolating the proteins of the present invention are well known in the 
skill of the art. 

A protein is deemed to be "isolated" within the context of the present 
invention if no other (undesired) protein is detected pursuant to SDS-PAGE analysis 
followed by Coomassie blue staining. Within other embodiments, the desired protein 
20 can be isolated such that no other (undesired) protein is detected pursuant to SDS- 
PAGE analysis followed by silver staining. 

3. Nucleic Acid Molecules 

Within other aspects of the invention, nucleic acid molecules are 
provided which are capable of inhibiting TGF-beta binding-protein binding to a 

25 member of the TGF-beta family. For example, within one embodiment antisense 
oligonucleotide molecules are provided which specifically inhibit expression of TGF- 
beta binding-protein nucleic acid sequences {see generally, Hirashima et al in 
Molecular Biology of UNA: New Perspeciives (M. Inouye and B. S. Dudock, eds., 1 987 
Academic Press, San Diego, p. 401); Oligonucleotides: Aniiseme Inhibitors of Gene 

30 E^xpression (J.S. Cohen, ed., 1 989 MacMillan Press, London); Stein and Cheng Science 
2<5y:1004-1012, 1993; WO 95/10607, U.S. Patent No. 5,359,051; WO 92/06693; and 
EP-A2-6 12844). Briefly, such molecules are constructed such that they are 
complementary to, and able to form Watson-Crick base pairs with, a region of 
transcribed TGF-beta binding-protein mRNA sequence. The resultant double-stranded 
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nucleic ac.d .nterferes with subsequent processing of the mR^^^, therebv prevent.n. 
protein synthesis (see Example 10). 

Within other aspects of the invention, ribozvmes are provided which are 
capable of inhibiting the TGF-beta binding-protem binding to a member of the TGF- 
5 beta family As used herein, ' ribozymes" are intended to include RNA molecules that 
contain anti-sense sequences for specific recognition, and an RNA-cIeavin- enzvmatic 
activity. The catalytic strand cleaves a specific site in a target RNA at greater than 
stoichiometric concentration. A wide variety of ribozymes may be utilized within the 
context of the present invention, including for example, the hammerhead ribozvme (for 
10 example, as described by Forster and Symons. C.// 7,V:21 1-220, 1987; Haseloff and 
Gerlach, Nanne 52^:596-600, 1988; Walbot and Bruenin^ Nanue iiV 196 1988- 
Haseloff and Gerlach, Nanue 33^:585, 1988); the hairoin ribo^vm. ff.r .v^^.i. .J 
described by Haseloff et al.. U.S. Patent No. 5.254.678. issued October 19 1997and 
Hempel et al.. European Patent Publication No. 0 360 257, published March -6 1990) 
1-- and 7cnahyn,ena ribosomal RNA-based ribozymes (see Cech et al U S Patent No' 
4,987,071). Ribozymes of the presem invention typically consist of RNA, but may also 
be composed of DNA, nucleic acid analogs (.,^ phosphorothioates), or chimerics 
thereof (e.g., DNA/RN.A/RNA). 

4. Labels 

2" The gene product or any of the candidate molecules described above and 

below, may be labeled with a variety of compounds, including for example, fluorescent 
moecules, toxms. and radionuclides Representative examples of fluorescent 
molecules include fluorescein, P,.ycoMJ proteins, such as phvcoerythrin, rhodamine 
Texas red and iuciferase. Representative examples of toxins include ricin abrin 
diphtheria toxin, cholera toxin, gelonin, pokeweed antiviral protein, train Shigel/a 
toxin, and Pseuc/on^onas exotoxin A. Representative examples of radionuclides include 
Cu-64,Ga-67, Ga-68,Zr-89,Ru-97,Tc-99m,Rh-105,Pd-109, In-ni 1-1^3 1-P5 1 
131, Re-186. Re-I88, Au-198, Au-199, Pb-203, At-211, Pb-212 and Bi-^P \n 
addition, the antibodies described above may also be labeled or conjugated to one 
3.. paaner of a ligand binding pair Representative examples include avidi^-biotin and 
riboflavin-riboflavin binding protein. 

Methods for conjugating or labeling the molecules described herein with 
the representative labels set forth above may be readily accomplished by one of 
ordinary skill in the an (see Trichothecene Antibody Conjugate, U.S Patent No 
3. 4,744,981; Antibody Conjugate, U.S. Patent No. 5.106,951; Fluorogenic Materials and 
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Labd,ng Techn,<,ues^U.s. Pa,e„, No 4,0I8,8S4; Me,a, Radionuclide Labded Proteins 
for D,a,„os,s and Therapy, U.S. Pa.en, No. ..897.255, and Mera, RadionuCde 
Chelanng Compounds for I„,proved Chela-ion K,ne,ics. U.S. Pa.en, No 4 988 496 v.. 
Inman. ,„ B,:y„u.lo^. Vol. 34, AJf,n,n^ n.l.nUr,cs ' 

. /.„^.,„„„ Par, B. Ja.oby and Wilchek (eds.,, ..cademic Press, New York p S^ 
.97 ; .v.. „.v„ Wilchek and Bayer, "The Avid.n-Bio.,n Complex in B,o.„arv,icai 
Applications,"///^/. /^/ocW y-/;i-32. 1988). ^nai>ricai 

As noted above, the present invention also provides a variety of 
pharmaceut,cal connpositions, con^prising one of the above-described molecules which 
.nh.b,ts the TGF-beta binding-protein bindin. to a men,h.. .u. -rr.. .... . 

d lue„r r ' '''''"'"^""y --P^b'e carrier, excipien,s or 

d.luen,s. Generally, such carriers should be nontoxic ,o reclp.ents a, ,he dosa^es and 
o„cen,ra„ons employed. Ordinarily, ,he preparation of such comp„s,„ons"en,ai,s 
combtmng the therapeutic agent with buffers, ant.oxidants such as ascorbic acid low 

c rbohydrates tnclud.ng glucose, sucrose or dextrlns. chelating auents such as EDTa' 
glu,a,h,one and other stabilizers and excipients Neutral buffered s'aline or saline mtxed 
w„h nonspecfic serum albumin are exemplary appropriate diluents 
2" m addition, the pharmaceutical compositions of the present invention 

2 prepared for adm,„is,ra,io„ by a vanety of di«-eren. rou.L. In addi I 

a ong „„h packaging matenal which provides instntctions regarding the use of such 
pharmaceutical compositions. Generally, such instructions will include a .an.„ble 

elaZIf T r ' 

re ative amounts of excipien, ingredients or diluents i..g.. water, saline or PBS) which 
may be necessao- to reconstitute the pharmaceutical composition. 

N4ETHOnsnrTpi;.T.^,T 

™° a''° P'-°"i<l=^ "i^hods for increasing the mineral 

M contem and mineral density Of bone Brieflv n,,,^ n, me mineral 

yoiDone. Bnetly. numerous conditions result in the loss of 
bone mm , including for example, disease, genetic predisposition, accidents 

wh h result in the lac. of use of bone (.^., due to fracture,, therapeutics which effec 
bone resorption, or which kill bone forming cells and normal aging Through use o 
.he molecules described herein which inhibit the TGP-beta bindinlpTotei md „. o a 
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TGF.be,a fan„,y „,embar such condhions may be ,rea,ed .r preven.ed. As u,ili.ed 
here,n. „ sho.ld be understood ,ha, bone mineral con.en, has been increased if bon 
mineral conren, has been increased in a statistically si^niHcant manner ..reater 
than one-halfstandard deviation), al a selected site, 

A wide variety of conditions which result in loss of bone mineral contem 
may be treated „,th the molecules described herein. Patients with such conditions may 
be ,dent,f,ed through clinical diagnosis utiHz.ng well known techn.ques tsee 
Harrtson s Principles of Internal Medicine, McGraw-Hill. ,„c ,, Representative 
examples of diseases that may be treated included dysplasias, wherein there is abnormal 
grow, or developtrtent of bone, Representat.ye examples of such conditions includ 
achondroplasia, c eidocranial dysostosis, enchondromatosis, fibrous dysplasia 
Gaucher s, hypophosphatemic nckets, Marfan s, multiple hered.tar.. .Vl^; 
neurotibromatosis, osteogenesis imperfecta, osteopetrosis, ' osteopoikilosis, 's^^ 
lesions, fractures, periodontal disease, pseudoanhrosis and pyogenic osteomyelitis 

"""'''-^ may be treated or prevented include a wide 

V t on or bone numeral content or density below peak skeletal mineral content at 
youth Representative examples of such conditions include anemic states, conditions 
cause steroids conditions caused by heparin, bone marrow disorders, scu,.- ■ 
m inutrition, calcium deficiency, idiopathic osteoporosis, congenital osteopenia or 
o teoporosis^ alcoholism, chronic liver disease, sen.lity, postmenopausal state 
Oligomenorrhea , amenorrhea, pregnancy, diabetes mellitus, hyperthyroidism 
Cushings disease, acromegaly, hypogonadism, immobilization or disuse reZ^ 
sympathetic dystrophy syndrome, transient regional osteoporosis and osteomalacia 

Within one aspect of the present invention, bone mineral content or 
dens,^ may be increased by administering to a warm-blooded animal a therapeutically 
effeuve amount of a molecule which inhibits the TGF-heta binding-protein bmdin. to 
a TGF-beta family member. Examples of warm-blooded animals that may be treated 
elude both vertebrates and mammals, including for example horses, cows pi„s 
heep, dogs, cats. ,a,s and mice. Representative examples of therapeutic molecures 
nclude ribozymes. ribozyme genes, antisense oligonucleotides and antibodies (e 
humanized antibodies). ^ 

in„„ K ^T" °' "'"'O''^ provided for 

ncreasmg bone density, comprising the step of introducing into cells which home to 
bone a vector w ich directs the expression of a molecule which inhibits the TGF-beta 
binding-protein binding to a member of the TGF-beta family, and administering the 
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vector contam.ng cells to a warm-blooded animal. Briefly, cells uh.ch home to bone 
may be obtained directly from the bone of patients (..^., cells obtained from the bone 
marrow such as CD34., osteoblasts, osteocytes, and the like), from peripheral blood or 
from cultures. 

' rr^ K u- / "^'"^ -'^Pression of a molecule that inhibits the 

TGF-beta bmdmg-protein binding to a member of the TGF-beta family is introduced 
mto the cells. Representative examples of suitable vectors include viral vectors such as 
herpes v.ral vectors (e.g., U.S. Patent No. 5,288,641), adenoviral vectors (e . wO 
94/26914, WO 93/919,; Kolls etal., PNAS yy(l):2.5-2,9. 1994; Kass-Ei let' et al 
PNAS ..(24): 1,498-502, ,993; Guzman etal., Orcula.o,, ,,,ey^S3S^S 
Guzman etal.. Or. Re.s. -5(6):, 202-1207, ,993; Zabner etal., Ce// Sr-YlOl-lie 
1993; Li etal.. Hum Gene Ther JMV^n-j.^no inn-., --.mi , . „ _ 

y'^ '-"- i^:^-^, v^diiiaua ei ai., Litr. ./ Nenrosci 

^(10:,287-,29,, ,993; Vincent et a,.. Na, Gene, 5(2): ,30-,34, ,993, Jaffe et al A^., 
Gener y(5):372-378, ,992, and Levrero etal.. Gene 70/(2): 1 95-202 ,99,) adeno- 
.5 assocated viral vectors (WO 95/13365; Flotte et al.., /^A^^^ 9.(22): ,06, 3-, 06, 7 ,993) 
baculovrus vectors, parvovirus vectors (Koering et al.. Hum. Gene Therap. i 457-463 ' 
1994), pox virus vectors (Panicali and Paoletti, PNAS "9:4927-493 1 ,98> and Ozaki' 
etal.. Biochenu Biophys. Res. Comn. /9i(2):653-660, ,993), and retroviruses 
(c'.^^..EP 0,4,5,73,; WO 90/07936; WO 9,/0285, WO 94/03622 WO 93/^5698 
20 WO 93/25234; U.S. Patent No. 5,2,9,740, WO 93/„230; WO 93/,02,8) V" ai 
vectors may likewise be constructed which contain a mixture of different elements 
{e.g., promoters, envelope sequences and the like) from different viruses, or non-viral 
sources. Within various embodiments, either the viral vector itself or a viral particle 

dtle" " "'-^ - - — - ns 

Within other embodiments of the invention, nucleic acid molecules 
wh.ch encode a molecule which inhibits the TGF-beta binding-protem binding to a 
member of the TGF-beta family themselves may be administered by a vari^y of 
techniques, including, for example, administration of asialoosomucoid (ASOR) 

30 conjugated with poly-L-lysine DNA complexes (Cristano et al., PNAS 9212.-9^,26 
1993), DNA linked to killed adenovirus (Curie, etal., Hun,. Gene Ther 5(.) M7-,54' 
1992), cytofectm-mediated introduction (DMRIE-DOPE, Vical, California) direci 
DNA .njection (Acsadi et al., NaUne 352:Sl5.8^S, ,991); DNA li^and (Wu et al / of 
B,al. Chen. 2d.: ,6985-16987, ,989); lipofection (Feigner et al., ^.c. Na,l Acad Sci 

3 USA <?-/:74,3-74,7, ,989); liposomes (Pickering etal.. Ore. 59(,):,3-2, 1994 and 
Wang eta,., PNAS ..:785 , -7855, ,987); microprojecti.e bombardmen; (W.ll'iams 
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etal., AV.^.V *-,S'.2726-2730. 1991); and direct deliver>- of nucleic ac.ds which encode 
the protein itself either alone (Vile and Han, Cancer Res. 53: 3860-3864. 1993) or 
utilizing PEG-nucleic acid complexes. 

Representative examples of molecules which mav be expressed bv the 
vectors of present invention include ribozymes and antisense molecules, each of which 
are discussed in more detail above. 

Determination of increased bone mineral contem mav be determined 
directly through the use of X-rays (..^., Dual Energy X-ray .Absorptometry or 
DEXA ). or by inference through bone turnover markers (osteoblast specific alkaline 
phosphatase, osteocalcin, type 1 procollagen C propeptide (PICP), and total alkaline 
phosphatase; see Comier, C, C.n: Opin. ,u Rheu. -;243. 1995), or markers of bone 
resorption (pyridinoline, deoxypryridinoline, N-teloDemide. urin.rv 
plasma tanrate-resistant acid phosphatases and galactosyl hydroxvlvsine; see Comier' 
supra) The amount of bone mass may also be calculated from body wei-hts or 
utilizing other methods (see Guinness-Hey, Mcah. Bone Dis. and Re I Res 5 177- 1^8 1 
1984). "■ ' 

As will be evident to one of skill in the art, the amount and frequency of 
administration will depend, of course, on such factors as the nature and severity of the 
indication bemg treated, the desired response, the condition of the patiem. and so forth 
Typically, the compositions may be administered by a variety of techniques as noted 

above. 

The following examples are offered by way of illustration, and not by 

way of limitation. 
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EX.\MPLES 
EXAMPl.F I 

SCLEROSTEOSJS MAPS TO THE LONG ,\RM OF HUMAN CHROMOSOME 1 7 

Genetic mapping of the defect responsible for sclerosteosis in humans 
locaLzed the gene responsible for this disorder to the region of human chromosome 1 7 
that encodes a novel TGF-beta binding-protein family member. In sclerosteosis 
skeletal bone displays a substantial increase in mineral density relative to that of 
unaffl,cted individuals. Bone in the head displays overgrowth as well. Sclerosteosis 
panents are generally healthy although they may exhibit variable decrees of syndactyly 
at b.rth and variable degrees of cranial compression and nerve compression m the skull 

Linkage analysis of the gene defect associated wirh .rl.r.ct^^e;. 
conducted by applying the homozygosity mapping method to DNA samples collected 
from 24 South African Afrikaaner families in which the disease occurred (Sheffield 
etal., ^994,Hun,anMoJeca/ca- Generic. 3 A331.1335. "Identification of a Bardet-Biedl 
syndrome locus on chromosome 3 and evaluation of an efficient approach to 
homozygosity mapping"). The Afrikaaner population of South Africa is genetically 
homogeneous; the population is descended from a small number of founders who 
colomzed the area several centuries ago, and it has been isolated by geographic and 
socal barriers since the founding. Sclerosteosis is rare everywhere in the w;rld outside 
the Afnkaaner community, which suggests that a mutation in the «ene was present in 
the foundmg population and has since increased in numbers along with the increase m 
the population. The use of homozygosity mapping is based on the assumption that 
DNA mappmg markers adjacent to a recessive mutation are likely to be homozygous 
m affected mdividuals from consanguineous families and isolated populations. 

A set of 371 microsatellite markers (Research Genetics, Set 6) from the 
autosomal chromosomes was selected to type pools of DNA from sclerosteosis patient 
samples. The DNA samples for this analyses came from 29 sclerosteosis patients in .4 
fam.hes, 59 unaffected family members and a set of unrelated control individuals from 
the same population. The pools consisted of 4-6 individuals, either affected 
.nd.v,duals, affected individuals from consanguineous families, parents and unaffected 
siblings, or unrelated controls. In the pools of unrelated individuals and in most of the 
pools w.th affected individuals or family members analysis of the markers showed 
several allele sizes for each marker. One marker, D17S1299, showed an indication of 
homozygosity: one band in several of the pools of affected individuals 
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f ^4 sclerosteosis families were typed uith a total of 19 markers m the 
region of D 1 7S 1299 fat \7Q\7.n-7]) \ff^^,^A a ^ , . '-c.^ m me 

. . . '/qi.q.i). Affected md.v.duals from ever%- familv were 

hown to be homozygous m th.s region, and 25 of the 29 ind.-.duals were homozv-.u. 
for a core haplotype, they each had the same alleles between DI7SI7S7 and DHS^SO. 



' Je/ ^hro^oso^e which .a.ched this haplo.vpe and a 

second wh.ch d,d no,. ,n sum, ,he data compelMn,,,. su,,es.ed ,ha, ,hi 3 .Cahas 
reg,o„ co„,a,„ed ,h. sCeros.eos.s .u,a.,on. ,Sec,uence analysis of .os, of .he e^;„s ,n 
h,s . „,e,abase re„o„ ide„„f,ed a nonsense .u,a„on ,„ ,he novel TGF.be,a bind.n.- 
pro,e,n cod.ng sequence (OT .u,a,ion a, position M 7 of Sequence ID Ko I results In 

ar e s of Afr.kaaner descant. The identity of the ,ene was furter confirmed by 

.dent,fy,ns a mutat.on ,n ,ts imron (A>T mutation at oosit.on : 

.su. m^^^^ m... processtn. ,n a si„,e, u„relat;d p.- „:;;;:~ 
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EXAMPI.F 

T,.s,suE-SrEco.,c,Tv or tof-beta Bindinc-pkotctn gene ex,.re.ss,on 
A Human Beer Gene Expression by RT-PCR: 

First-strand cDNA was prepared from the follow.n. total RNA samples 
ustng a commercally available ki, (-Superscript Preamplification System for Ftr ' 
■rand CDNA Synthesis", Life Technologies, Rockville. MD): human b^i hum 
ver^ human spleen human thymus, human placenta, human skeletal muscle, human 
thy o,d, human p.tuttary, human osteoblast (NHOst from Clonetics Corp., San Dico 
CA). human osteosarcoma cell line (Saos-2, ATCC* HTB-85), human bone hum°an 
one marro. human canilage, verve, monkey bone, saccharomyces cerevis.ae and 
human penphera, blood monocytes. All RNA samples were purchased from a 
ommercal source (Contech, Palo Alto. CA), except the following which Tere 

ma l:T H cell line, human bo 

human cart.lage and ven,e, monkey bone. These in-house RNA samples were prepared' 

0:1:— ' ' " '•'™ — - 

performed on these samples, and additionally on a human 

CcTGACCT^'rlr"' P™- had .he sequen 

5 -CCGGAGCTGGAGAACAACAAG-3- (S£Q ID NO:l9> The amis-rse Beer 
ohgonucleotide primer had the sequence 5'-GC.ACTGGCCOGAGCACACC r (SEQ 
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ID NO:20). In addition, PGR was performed using primers for the human beta-actin 
gene, as a control. The sense beta-actin oligonucleotide primer had the sequence 5'- 
AGGCCAACCGCGAGAAGATGA CC -3' (SEQ ID N0:2I). The antisense beta-actm 
oligonucleotide primer had the sequence 5'-GAAGT CCAGGGCGACGTAGCA-3 ' 
(SEQ ID NO;22). PGR was performed using standard conditions in 25 ul reactions, 
with an annealing temperature of 61 degrees Gelsius. Thirty-two cycles of PGR were 
performed with the Beer primers and twenty-four cycles were performed with the beta- 
actin primers. 

Following amplification, 12 ul from each reaction were analyzed by 
agarose gel electrophoresis and ethidium bromide staining. See Figure 2A. 



B. RNA In-situ Hybridization of Mouse Embryo Sections; 

The full length mouse Beer cDNA (Sequence ID No. 11) was cloned 
into the PGR2.1 vector (Invitrogen, Garlsbad, CA) in the antisense and sense direction 
using the manufacturer's protocol. '^S-alpha-GTP-labeled cRNA sense and antisense 
transcripts were synthesized using in-vitro transcription reagents supplied by Ambion, 
Inc (Austin, TX) In-situ hybridization was performed according to the protocols of 
Lyons etal. (./. CeU Biol. J J J .2427-2436, 1990). 

The mouse Beer cRNA probe delected a specific messaae expressed in 
the neural tube, limb buds, blood vessels and ossifying caailages of developing mouse 
embryos. Panel A in Figure 3 shows expression in the apical ectodermal ridge"(aer) of 
the limb (I) bud, blood vessels (bv) and the neural tube (nt). Panel B shows expression 
in the 4'^ ventricle of the brain (4). Panel G shows expression in the mandible (ma) 
cervical vertebrae (cv), occipital bone (oc), palate (pa) and a blood vessel (bv). Panel 
D shows expression in the ribs (r) and a heart valve (va). Panel A is a transverse 
section of 10.5 dpc embryo. Panel B is a sagittal section of 12.5 dpc embryo and 
panels C and D are sagittal sections of 1 5.5 dpc embryos. 

ba=branchial arch, h=heart, te=teiencephalon (forebrain). b=brain, f=frontonasal mass, 
g-gut, h=heart, j=jaw, li-liver, lu=lung, ot=otic vesicle, ao= sc=spinal cord' 
30 skm=skeletal muscle, ns=nasal sinus, th=thymus . to=tongue, fl=forelimb,' 
di=diaphragm 



EXAJVIPLE 3 

Expression and Purification of Recombinant Beer Protein 
A. Expression in COS-1 Cells: 
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The DKA sequence encoding the full length human Beer protein uas 
amphfied us.ng the following PCR oligonucleotide primers: The 5' oH.onucleotide 
pnmer had the sequence 5'-AAGCTTGGTACCATGCAGCTCCCAC-3^- (SEQ ID 
N0.23) and contained a H.ndlll restriction enzyme site (in bold) followed bv 19 
3 nucleofdes of the Beer gene stanmg 6 base pa.rs prior to the presumed amino terminal 
start codon (ATG). The 3' oligonucleotide primer had the sequence s' 

(SEQ ID NO:24) and contained a Hindlll restriction enzyme site (in bold) followed by 
a reverse complement stop codon (CTA) followed by the reverse complement of the 
H. FLAG ep.tope (underlined, S.gma-Aldrich Co., St. Louis, MO) flanked by the reverse 
complement of nucleotides coding for the carboxy terminal 5 ammo ac.ds of the Beer 
The PCR product was TA cloned (-Original TA Clonin. Kit" ,n„w...... 

CA) and ,„d,v,dual clones were screened by DNA sequencing. A sequence-venf.ed 
clone was then d,,es,ed by Hindlll and purif.ed on a , 5% agarose .el usin- a 
commercally available reagents C'QlAquick Gel ExTacion Kir, Qia.en l^~c 

JoZ-^n ™' Phosphatalcreated 
PCDNA..1 (l„v„rosen, Carlsbad. CA) plasmid with T4 DNA lipase DHIOB £ „,/, 
were ,ransforn,cd and plated on LB. 100 „g/n,l ampicillin plates." Colonies bearin. the 
destred recombinant in the proper orientation were identified by a PCR-based sc;een 
-» "Sing a y pnmer corresponding to the T7 promoter/priming site in pcDNA3 1 and a y 
pnmer w,th the sequence 5'- GCACTOGCCGGAGCACACCO' (SEQ ID NO -S) that 
co^esponds to the reverse complement of internal BEER sequence. The sequ'ence of 
the cloned fragment was confirmed by DNA sequencing 

COS-I cells (ATCC# CRL.1650) were used for transfection. 50 m" of 

T ZT". n'""'' --feced using a commercially 

ava.lable k,t following protocols supplied by the manufacturer ("DEAE-Dextran 
Transfecuon K.t", Sigma Chemical Co.. St, Louis. MO). The final media foUowin.. 
transfec,,on was DKIEM (Life Technologies. RockviUe, MD) comainmg 0 ,% Petal 
Bovme Serum. After 4 days in culture, the media was removed. Expression of 

..0 r^ombtnan, BEER was analyzed by SDS-PAGE and Western Bio, using an.i-FLAG 
M- monoclonal antibody (Sigma-Aldrich Co,, St, Louis. MO). Purification of 
recombtnant BEER protein was performed us.ng an anti-FLAG M2 afT.ni.y column 
( Mammahan Transient Expression System", Sigma-Aldrich Co,, St, Louis, MO) The 
column profile was analyzed via SDS-PAGE and Western Bio, using anti-FLAG 

33 monoclonal antibody. 
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B. Expression in SF9 insect cells: 



10 



25 



30 



The human Beer gene sequence was amplified using PCR with standard 
conditions and the following primers; 

Sense primer: ^'-GTCGTCGGATCCATGGGGTGGCAGGCGTTCAAG^ ATGAT 3" 
(SEQ ID NO;26) ' 

Antisense primer. ^'-GTCGTCAAGCTTCTACTTGTCATCGTCCTTGTAGTCGTA 
GGCGTTCTCCAGCTCGGC-3' (SEQ ID NO:27) 

The resulting cDNA contained the coding region of Beer with two 
mod.ficafons. The N-termmal secretion signal was removed and a FLAG epitope ta» 
(S.gma) was fused in frame to the C-terminal end of the insen. BamH . and Hindlll 
clonmg sites were added and the gene was subcloned into pMelBac vector (Invitrogen) 

tor transfer into a baculoviral exnre«ion x.^^t^. ^.^ , , . 

r .^wtw. uoiii^ :>iiiiiuaru meinods 

R ^ ^7^"^'"""^ baculovi^^.ses expressing Beer protein were made using the 

Bac-N-Blue transfection kit (Invitrogen) and purified according to the manufacturers 
13 instructions. 

SF9 cells (Invitrogen) were maintamed in TNM_FH media (Invitro-en) 
contammg , 0o/„ fetal calf serum. For protein expression, SF9 Cultures m spinner Lvs 
were mfected at an MOI of greater than 10. Samples of the media and cells were taken 
da.ly for five days, and Beer expression monitored by western blot using an anti-FLAG 
M2 monoclonal antibody (Sigma) or an anti-Beer rabbit polyclonal antiserum 

After five days the baculovirus-infected SF9 cells were harvested by 
centr,fugat,on and cell associated protein was extracted from the cell pellet using a hi^h 
sa t extraction buffer (1.5 M NaCl, 50 mM Tris pH 7.5). The extract (20 ml per 300 
^1 culture) was clarified by centrifugation, dialyzed three times against four liters of 
Tns buffered saline (150 mM NaCl, 50 mM Tris pH 7.5), and clarified by 
centnfugat,on again. This h,gh salt fraction was applied to Hitrap Heparin (Pharmacia 
5 ml bed volume), washed extensively with HEPES buffered saline (25 mM HEPES 

';.nn T ""^ """^ ^ -^^'^'^"^ ^-"^ NaCl 
to 1200 mM NaCl. Beer elution was observed at aproximately 800 mM NaCI Beer 

contammg fractions were supplemented to 10% glycerol and 1 mM DTT and frozen at 
-oO degrees C. 
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EXAMPIF4 

35 PREPARATION AND TESTING OF POLYCLON.M ANTIBODIES TO BEER, GR£MLIN, AND 

Dan 
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A, Preparation of antigen: 
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The DKA sequences of Human /Jeer^ Human (ircni/hK and Human Dan 
were amplified using standard PCR methods with the following oligonucleotide 



primers: 
H Beer 



Sense: 5' -GACTTGGATCCCAGGGGTGGCAGGCGTTC- 3' (SEQ ID NO;28) 
Antisense 5' -AGCATAAGCTTCTAGTAGGCGTTCTCCAG- 3' (SEQ ID NO:29) 
H. Gremlin 

Sense: 5' -GACTTGGATCCGAAGGGAAAAAGAAAGGG- 3' (SEQ ID NO 30) 
Antisense: 5' -AGCATAAGCTTTTAATCCAAATCGATGGA- 3' (SEQ ID NO 3 1 ) 
H Dan 

Sense: 5' -ACT AmACf^Tmnnnr^r^ a r-/^ a /-/-^/-^ . -r-^-^ . . ^ . . _ ^ . 

— --^^^^ v-v^'-vv-^^cv.v..H I v. .^ACAAU- y (bHQ ID NO 32) 

Antisense: 5' -ACTTAGAAGCTTTCAGTCCTCAGCCCCCTCTTCC-3' (SEQ ID 
NO:33) 

In each case the listed primers amplified the entire codinu reuion minus 
the secretion signal sequence. These include restriction sites for subcloninu into the 
bacterial expression vector pQE-30 (Qiagen Inc.. Valencia, CA) at sites BamHI/Hindlll 
for Beer and Gremlin, and sites Sacl/Hindlll for Dan. pQE30 contains a codin" 
sequence for a 6x His tag at the 5' end of the cloning region. The completed construct! 
were transformed into E. coli strain M-15/pRep (Qiagen Inc) and individual clones 
verified by sequencing. Protein expression in M-I5/pRep and purification (6xHis 
affinity tag binding to Ni-NTA coupled to Sepharose) were performed as described by 
the manufacturer (Qiagen, The QlAexpressionist). 

The E. co//-derived Beer protein was recovered in siunificant quantity 
using solubilization in 6M guanidine and dialyzed to 2-4M to prevent precipitation 
durmg storage. Gremlin and Dan protein were recovered in higher quantity with 
solubilization in 6M guanidine and a post purification guanidine concentration of 0.5M. 

B. Production and testing of polyclonal antibodies: 

Polyclonal antibodies to each of the three antigens were produced in 
rabbit and in chicken hosts using standard protocols (R & R Antibody, Stanwood, WA; 
standard protocol for rabbit immunization and antisera recovery; Short Protocols in 
Molecular Biology. 2nd edition. 1992. 11.37-11.41. Contributors HelenM. Cooper 
and Yvonne Paterson; chicken antisera was generated with Strategic Biosolutions, 
35 Ramona. CA). 

Rabbit antisera and chicken egg Igy fraction were screened for activity 
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v.a Western blot. Each of the three antigens was separated by PAGE and transferred to 
0.43um nitrocellulose (Novex, San Diego, CA). The membrane was cut into stnps with 
each stnp contaming approximately 75 ng of ant.gen. The strips were blocked in 3% 
Blottmg Grade Block (Bio-Rad Laboratories, Hercules, CA) and washed 3 times in IX 
Tr,s buffer salme (TBS) /0.02% TWEEN buffer. The primarv antibodv 
(pre,mmunization bleeds, rabbit antisera or chicken egg i.y in dilutions ran.-in. from 
1.100 to 1:10,000 in blocking buffer) was incubated with the strips for one ioJr wuh 
gentle rockmg. A second series of three washes IX TBS/0.02%TWEEN was followed 
by an one hour incubation with the secondary antibody (peroxidase conjugated donkey 
ant,.rabb.t, Amersham Life Science, Piscataway, KJ; or peroxidase conjugated donkey 
ant,-ch,cken, Jackson ImmunoResearch, West Grove, PA). A final cycle o^ 3X washes 
of IX TBS/0.02O/OTWEEN was performed and the strips were deve.on.H ^.h t 
L.ght Western Blotting Substrate (Roche Molecular Biochemicals, Mannheim 
Germany). 

C. Antibody cross-reactivity test: 

Following the protocol described in the previous section, nitrocellulose 
stnps of Beer, Gremlin or Dan were incubated with dilutions (1:5000 and 110 000) of 
the,r respective rabbit antisera or chicken egg IgY as well as to antisera or chicken e.» 
gy (dilutions LIOOO and 1:5000) made to the remaining two antigens. The increas:d 
levels of nonmatching antibodies was performed to detect low affinitv binding by those 
antibodies that may be seen only at increased concentration. The protocol and duration 
of developmem is the same for all three binding events using the protocol described 
above. There was no antigen cross-reactivity obser^^ed for any of the antigens tested. 

EXAMPLF S 

INTERACTION OF BEER WITH TGF-BETA SUPER-FAMILY PROTEINS 

f Tn. a "'^'^ '^■^^^^^"^ Phylogenetic arms 

Tr^l ^"Perfamily were studied using immunoprecipitation methods. Purified 

TGF3-1, TGFp-2. TGFP-3, BMP-4, BMP.5, BMP-6 and GDNF were obtained from 
commencal sources (R&D systems; Minneapolis, MN). A representative protocol is as 
^iows. Partially purified Beer was dialyzed into HEPES buffered saline (25 mM 
HEPES 7.^ 150 mM NaCl). Immunoprecipitations were done in 300 ul of IP buffer 
(150 mM NaCI, 25 mM Tris pH 7.5, ImM EDTA, 1.4 mM P-mercaptoethanol 0 . 
tnton X 100, and 10o/„ glycerol). 30 ng recombinam human BMP-5 protein (R&D 
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s>..ems, was applied ,o 15 ,,1 of FLAG afHni.y matrix (Siuma: S. Lou.s MOI) in ,he 

rrr/r Tr °' ''^^ ^^'-P'--^--^ The pro,ei„s were 

,ncuba,ed for 4 hours @ ^'Cand ,he„ ,he afHnin. marrix-assocared prceins were 
washed 5 „„,es ,n IP buffer (1 „,1 per wash). The bound proreins were elu.ed from ,he 

rrrTTnl"„'l"""''"" °' SDS PAGE sannple buffer. The pro.eins were 
resolved by SDS PAGE and Beer associated BMP-5 was de.eced by western bio, usin., 
ani,-BMP-5 amiseaim (Research Diagnostics, Inc) (see Figure 5). 

BEER Liizand Rindinii A<;Qay 

FLAC-Beer protein (20 ng) is added to 100 ul PBS/0.2% BSA and 
adsorbed ,mo each well of 96 well microtiter plate previously coated with anti-FL^O 
monoclonal antibody (Sigma; St Louis MO) and blocked with 10% BSA in PBS Thi. 
.s conaucted at room temperature for 60 minutes. This protetn solution is removed and 
the wells are washed to remove unbound protein. BN<P-5 is added to each well in 
concentrations ranging fromlO pM to 500 nM in PBS/0.2% BSA and incubated for ^ 
hours at room temperature. The binding solution is removed and the plate washed with 
hree .m^ w,th 200u, volumes of PBS/0.2% BSA BMP-5 levels are .hen detected 

mTr Tv n'T""" ^"'^ =• " <'"^' Current Protocols ,n 

Mol B,o . Vol 2 ,1.2.1-11.2.22). Specif.c binding is calculated by subtracting non- 

tdba d r :Z T ~ <M""-" 

and Podbard, Anal. B.ochem.. 107, p220-239, (1980) 

human Fc fus.on protein. Likewise the ligand BMP is engineered and expressed as 
ZcVyrZ,, ~ "-"'■"^^ ---V -""i-ed as 

(G.W. Melloret J of Biomol Screening, i(2) 91-99, 1998). 
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EXAMPI F 6 

SCREENING ASSAY FOR INHIBITION OF TGF-BETA BINDING-PROTEIN 
BINDING TO TGF-BETA FAMILY MEMBERS 

BMP ''""'''^''^ "'^•^ ^'^'^^P^ions. First 

BMP concentrat,on .s held fixed at the Kd determined previously. Second, a collection 
of amagon.st candidates is added at a fixed concentration (20 uM in the case of the 
small organ, molecule collections and 1 uM in antibody studies). These candidate 
molecules .antagonists) of TGF-beta binding-protein b.nding mclude or.anic 
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compounds derived from commercial or internal collections representinu diverse 
chemical stmctures. These compounds are prepared as stock solutions in DMSO and 
are added to assay wells at < 1% of final volume under the standard assay conditions. 
These are incubated for 2 hours at room temperature with the BMP and Beer, the 
solution removed and the bound BMP is quantitated as described. Agents that inhibit 
40% of the BMP binding observed in the absence of compound or antibodv are 
considered antagonists of this interaction. These are further evaluated as potential 
inhibitors based on titration studies to determine their inhibition constants and their 
influence on TGF-beta binding-protein binding affinity. Comparable specificity 
control assays may also be conducted to establish the selectivity profile for the 
identified antagonist through studies using assays dependent on the BMP ligand action 
(e.g. BIVIP/BMP receptor competition study) 



EXAMPI.F 7 

Inhibition of TGF-beta bindino-protfin localization to Bone Matrix 

Evaluation of inhibition of localization to bone matrix (hydroxyapatite) 
IS conducted using modifications to the method of Nicolas (Nicolas V Ca/cif Tissue 
In, 5-;206, 1995). Briefly. -I-labelled TGF-beta binding-protein is prepared as 

20 described by Nicolas {supra). Hydroxyapatite is added to each well of a 96 well 
microtiter plate equipped with a polypropylene filtration membrane (Polyfiltroninc 
Weymouth MA). TGF-beta binding-protein is added to 0.2% albumin in PBS buffer 
The wells containing matrix are washed 3 times with this buffer. Adsorbed TGF-beta 
binding-protein is eluted using 0.3M NaOH and quantitated. 

" Inhibitor identification is conducted via incubation of TGF-beta binding- 

protein with test molecules and applying the mixture to the matrix as described above 
The matrix is washed 3 times with 0.2% albumin in PBS buffer. Adsorbed TGF-beta 
binding-protein is eluted using 0.3 M NaOH and quantitated. Agents that inhibit 40% 
of the TGF-beta binding-protein binding observed in the absence of compound or 

50 antibody are considered bone localization inhibitors. These inhibitors are further 
characterized through dose response studies to determine their inhibition constants and 
their influence on TGF-beta binding-protein binding affinity. 
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EXAMPLF R 

Construction of TGF-beta bindino-protein Mut.vnt 
A Mutagenesis; 

A full-length TGF-beta binding-protein cDNA in pBluescript SK sei^-es 
as a template for mutagenesis. Briefly, appropriate primers (see the discussion 
provided above) are utilized to generate the DNA fragment by polymerase chain 
reaction usmg Vent DNA polymerase (New England Biolabs, Beverly MA) The 
polymerase chain reaction is run for 23 cycles in buffers provided by the manufacturer 
usmg a 57°C annealing temperature. The product is then exposed to two restriction 
enzymes and after isolation using agarose gel electrophoresis, ligated back mto pRBP4- 
50. from wh.ch the matching sequence has been removed by enzvmatic digestion 
Integrity of the mutant is veririf-H h^/ nxiA ;„ _ 

B. Mammalian Cell Expression and Isolation of Mutant TGF-beta bindmg-protein: 
The mutant TGF-beta binding-protein cDNAs are transferred into the 
PCDNA..1 mammalian expression vector described in EXAMPLE 3 After verifyin- 
the sequence, the resultant constructs are transfected into COS-1 cells, and secreted 
protem is purified as described in EXAMPLE 3. 



EXAMPI F Q 
Animal Models -I 

GEhfERATlON OF TRANSGENIC MiCE O VEREXPRESSING THE BEER GENE 

^^^-'-^^^^^ob^s^(^h)BACclon^ 15G5. isolated from the CITB mouse 
2. genomic DNA libraiy (distributed by Research Genetics, Huntsville, AL) was used to 
determine the complete sequence of the mouse Beer gene and its 5' and 3' flankinu 
regions. A 41 kb Sail fragment, containing the entire sene body plus -17 kb of 
flanking and -0 kb of 3' flanking sequence was sub-cloned into the BamHI site of the 
SuperCosI cosmid vector (Stratagene, La Jolla, CA) and propagated in the E. coH strain 
DHIOB. From this cosmid constrx^ct, a 35 kb Mlul - Avill restriction fragment 
(Sequence No. 6). including the entire moused..,- gene, as well as 17 kb and M^kb of 
and 3- flanking sequence, respectively, was then gel purified, using conventional 
means, and used for microinjection of mouse zygotes (DNX Transgenics; US Patent 
^ No. 4,873,191). Founder animals in which the cloned DNA fragment was integrated 
randomly into the genome were obtained at a frequency of 5-30o/o of live-born pups 
The presence of the transgene was ascertained by performing Southern blot analysis of 
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genomic DNA extracted from a small amount of mouse tissue, such as the tip of a tail 

DNA was extracted using the following protocol: tissue was digested overnight at 55° 

C m a lysis buffer containing 200 mM NaCl, 100 mM Tris pH8 S 5 mM EDTA 0 -o.- 

SDS and 0.5 mg/ml Proteinase K. The following day, the DKA was extracted once 

3 w.th phenol/chloroform (50:50), once with chloroform/isoamvlalcohol ^4 1) and 

precipitated with ethanol. Upon resuspension in TE (lOmM Tris pH7 5 1 mM EDTA) 

8-10 ug of each DNA sample were digested with a restriction endonuclease, such as 

EcoRLL subjected to gel electrophoresis and transferred to a charged nvlon membrane 

such as HyBondN-f (Amersham, Arlington Heights, IL ). The reluitinu filter was then 

10 hybndized with a radioactively labelled fragment of DNA deriving from the mouse 

Beer gene locus, and able to recognize both a fragment from the endogenous uene locus 

and a fragment of a different size derivins from th^ tr=.„e,..„. ir_..r... , . 

, ^ - — 1 *juiiuci animais were 

bred to normal non-transgenic mice to generate sufficient numbers of transuenic and 
non-transgen.c progeny in which to determine the effects Beer ^ene overex^pression 

I. For these stud.es, animals at various ages (for example, 1 day, 3 weeks 6 weeks 4 
rnonths) are subjected to a number of different assays designed to ascertain gross 
skeletal formation, bone mineral density, bone mineral content, osteoclast and 
osteoblast activity, extent of endochondral ossification, cartilage formation etc The 
transcriptional activity from the transgene may be determined by extracting RNA from 

" various tissues, and using an RT-PCR assay which takes advantage of single nucleotide 
po ymorphisms between the mouse strain from which the transgene is derived 
(1-9SV/J) and the strain of mice used for DNA microinjection [(C57BL5/J x SJL/J)F2]. 

ANLMAI- Modfi ^ - tt 
DISRUPTION OF THE MOUSE BEER GENE BY HOMOLOGOUS RECOMB0.ATION 

Homologous recombination in embryonic stem (ES) cells can be used to 
.nactivate the endogenous mouse Beer gene and subsequently generate animals carrying 
the loss-of-funct.on mutation. A reporter gene, such as the E. coll fi-ga/ac,o.idase 
gene, was engineered into the targeting vector so that its expression is controlled by the 
> endogenous Beer gene's promoter and translational initiation signal. In this way the 
spatial and temporal patterns of Beer gene expression can be determined in animals 
carrying a targeted allele. 

The targeting vector was constrticted by first cloning the dnag-selectable 
phosphoglycerate kinase (PGK) promoter driven neonryan-resistance gene („..) 
cassette from pGT-N29 (New England Biolabs, Beverly, MA) mto the cloning vector 
PSP72 (Promega, Madson, Wl). PGR was used to fiank the PGIO... cassene with 
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bactenophage Pi loxP sites, which are recognition sites for the PI Cre recombinase 
(Hoess et al., PNAS USA. 79:3398, 1982). This allows subsequent removal of the neo- 
res.stance marker in targeted ES cells or ES cell-derived animals (US Patent 
4,959,317). The PCR primers were comprised of the 34 nucleotide (ntd) loxP 
sequence, 15-25 ntd complementary- to the 5' and 3" ends of the PGKneo cassette as 
well as restriction enzyme recognition sites (BamHI in the sense primer and EcoRJ in 
the ant.-sense primer) for cloning into pSP72. The sequence of the sense primer was 

AATCTGGATCCATAACTTCGTATAGC.ATACATTATACGAAGTTATCTGCAG 
n. GATTCGAGGGCCCCT-3- (SEQ ID NO:34); sequence of the anti-sense primer was 

5'-AATCTG.AATTCCACCGGTGTTAATTAAATAACTTCGT 

ATAATGTATGCTATACGAAGTTATAGATCTAGAG TCAnrrrrTns,^,' .cc^ 
IDNO:35). ^"^^^ 

The next step was to clone a 3.6 kb Xhol-Hindlll fragment, containing 
1. the £. co/i ^.galaaosicJase gene and SV40 polyadenylation signal from pSVp 
(Clontech, Palo Alto, CA) into the pSP72-PGKneo plasmid The "short arm" of 
homology from the mouse Beer gene locus was generated by amplifying a 4 kb 
fragment from the BAC clone 15G5. The 3" end of the fragment coincide^^d with the 
translational mitiation site of the Beer gene, and the anti-sense pnmer used in the PCR 
20 also mcluded 30 ntd complementary to the 5' end of the ^-galaco.sidase gene so that its 
codmg region could be fused to the Beer initiation site in-frame The approach taken 
for mtroducmg the "short arm" into the pSP72-|3gal-PGKneo plasmid was to linearize 
the plasm.d at a site upstream of the ^-gal gene and then to co-transform this fragment 
wuh the "shon arm" PCR product and to select for plasmids in which the PCR product 

2. was mtegrated by homologous recombination. The sense primer for the "short arm" 
amplification included 30 ntd complementary to the pSP72 vector to allow for this 
recombmation event. The sequence of the sense primer was 5 -ATTTAGGTGACACT 

ATAGAACTCGAGCAGCTGAAGCTTAACCACATGGTGGCTCACAACCAT-3' 
(SEQ ID NO:36) and the sequence of the "anti-sense primer was 5'- 
30 AACGACGGCCAGTGAATCCGTA 

ATCATGGTCATGCTGCCAGGTGGAGGAGGGCA-3' (SEQ ID N0.37). 

The "long arm" from the Beer gene locus was generated by amplifyino a 
6.1 kb fragment from BAC clone 15G5 with primers which also introduce the rare- 
cuttmg restriction enzyme sites SgrAI, Fsel, AscI and Pad. Specifically, the sequence 

3. of the sense pnmer was 5'-ATTACCACCGGTGACACCCGCTTCCTGACAG-3' (SEQ 
ID NO:38); the sequence of the anti-sense primer was 5'- 
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ATTACTTAATTAAACATGGCGCGCCAT 

ATGGCCGGCCCCTAATTGCGGCGCATCGTTAATT-3' (SEQ ID NO- 9^ TH 

si™: :::: r:::::^;^--:^, — - - 

For this PGR th. ' "' ~ '""s -1/^ vector plasmid. 

mis j't.K, the sequence of the «:f-nc^ 

.-Z * me anti-sense primer was S'-ATTACGGCGmrrrrTn 

ACAGGCCGCACCCAGCT-3- (SEQ ID NO:41) » ACGGCGCGCCCCTC 

clonino the sIVTaT! """"""" °' ^^^'^^'"^ -volved 

domn the 8.8 kb SgrAI-AscI fragment containing the "long arm" and RSVLTR- 

p"asm-d %7 ^'"^ °' P^^^^-"^'^- arm"-p.a,-P^Lo 

-0 p asmid. This targeting vector was linearized by digestion with either Asc, o PacI 
before electroporation into ES cells 
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EXAWf.F in 

ANTISENSE-MEDIATEDBEER INACTIVaTION 

occur in 5 nucleotide incren,e„u n^ovin. t\L 5 il T'" 
away), relative ,„ the Beer Alir r I " '° ""^l"'"" 

. Corresponding control oligonucleotides are designed 

and prepared us.ng equivalent base composition bu, redistributed in seque„r,o Wbh 
any s,gn,fican, hybridization to the coding ™RNA. Reagent delivet^T eirc 

reduced set.™ nie^ a Op^^^ TZLd'T"""': °^ 
0..e.burg M.> and this t ..ed .ilh^:^:.! ^tll: 
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Gauhersburg NtD) in the 100 ul of reduced serum media. These are mixed allowed to 
complex for 30 minutes at room temperature and the mixture is added to previously 
seeded MC3T3E21 or KS4S3 cells. These cells are cultured and the mRNA recoN ered 
Beer mRNA is mon.tored using RT-PCR in conjunction with Beer specific primers In 
add.fon, separate experimental wells are collected and protein levels characterized 
through western blot methods described in Example 4. The cells are han^ested 
resuspended in lysis buffer (50 mM Tris pH 7.5, 20 mM NaCI, ImM EDTA l-i SDS) 
and the soluble protein collected. This material is applied to 10-20 % gradient 
denatunng SDS PAGE. The separated proteins are transferred to nitrocellurose and 
the western blot conducted as above using the antibody reagents described In parallel 
the control oligonucleofdes are added to idemical cultures and experimental operations 
are repeated. Decrease in Beer mRNA or protein levels are cnndH.r.H c;.,.;^.... ... 

treatment w.th the antisense oligonucleotide results in a 50o/o chan.^e in either instance 
compared to the control scrambled oligonucleotide. This m^hodology enables 
selective gene mactivation and subsequent phenotype characterization of the 
mineralized nodules in the tissue culture model. 
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se<^e.ce XO Ko. 1: beer cDKA (co^Xete coding .e^,„, ^^^^ 3 . 3 



UTRs) 
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CvC-ATC-T7TGC-CTACCTCC>-~'-"T--:,~r--,--i- ^, 

■-•--"--■"■---A-----CATC = 7C-A77G3GG7AG.-. 

atac;aa-ca7-ccg.cc-.c77ccc-.^a.ca:.catc:cctcccc--.-; 

.CCC.7..CC.7.77TT.^..C.CC77.C3...........,,,,,,,,,,,,,,,,,,,^^^^^^^^^^^^^^^^^ 

..CC.7C.C...CTC.C...CC..C.C.7CCC7777....C.CC.CC77C7CCCC.CC.C7C.C...C^^^^^^ 
.W.^^.C.(.r7TC7TACT.CT=TT.CAT3T3AT<^„^^^^^ 

CCrc;T.CA7AT.C7...^CTCC....c.7^.^.C7.CC.=CC;.^^TC7777T.^TC.7TT^C....= ..^^ 

' "GTTAAT.-.7TGCTTTATG.---TT.-.-. 

CA3T-rrGTTrTTCrAGAGTrCAC.^..3ACATTGT7A^^^^ 



25 



30 
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sequence ID No. 2: Hu^ BEEK pro.ein (co^Xete se<^ence, 

:> LVASCK'CraLTRFHNQSELKDFGTEA.:U'.PQKGRKFR?P.:^=S.^:^I^QAELENAV 



se^ence XD Ho. 3: Hu^na. Bee. cOK. con.a.n.ng ScXe.os.eosi. nonsense 

TTll 1 3 ^ n v\ 



15 



20 



30 



10 mutation 



- IT r 3 - -.--zz"~ 1 . — .- - _ 

'^'^"■'''^■-"•^-■'^•-^^^^^^ 

"CCCG=AG7-C-^.3CC-C.rA^Grc;A--T0;GA--3CC7.--T......--^.~. 

- --^ o c ^ c ^ r Tc r AC r :,c o-:-; 3 ■:■ 

AA.CCCA :^ 3GCAG ,^GG? 37 3 AG A C C 7 7 7C AGG G CC~ 1 1 - . , 

AGGG37CGCAGGGG-77A3^GGA3GG--7'--;i--r"" 

•J^ . - - -•^.-v-v-C7.3AGrrAC.:-;GAGCl-CCGCC'T'rT-^ 

T7GC7 337 G 'J G A 777 7AG AG-3AG 3 GA 3 - ^ - 7 - -- - i r, -r ~ , 

-. - -'"GG337777A1GGGAGC3G737G.-;.;.",': . 

G-^37GGAG3GAG7 3G77^AG^AAG77GGAT.AA3A-7-^^-'--T-.^.^.^,^ 

7-_.^. ] A7VAG.AA-.GCC7GA3GG37G-' 

GGAGAGrACA..GA77GGGGGG.^CTG7AGA7G7GG^7777AG7CG7GG77CT37GACT;..C:'r3GTG^GT..^-,-^ 

3A77GGA..GGACTGGAG7GGrT777GAA7GGGCAGAGG7GAGAGAGAGA3AGAG.AA.GA3AGAG-7G-7.. 

CAG77.3GA77GA77GAG7GGC.^.GG7rAG-7GGAG.A-7GAGAGTT--^.T^---'^.™ 

- f 1 . . , „ . ... - G.-.G GC.-.A-.GA7G - - - ii 

G^AACAGAAAAAAAA.A^GT.AAAGAGT^-- r^T^ "n - ----r ^ - - 

" ^ ' • ^ - -ACA;l^C7CCTGGAA.GAAGG7 T^-T., 

G77CGCAGGGTGGC77GGGGGGA7G777GGC7AG77GGAGGGG7GCA777G.A.3.A.7A..GATCA7CG.77GGGG..G. 

^.....:A.CCA7G-777^A^G7GAGr-7G73^.GAGAAG7GAA^GG7Tr-GGAGAC7GGGG77GCAGG7GCGAGGGAGC 

AGG7A73AGAAAG7CAGAGAGGAGGAGA7GGC77':7G^G^-^"-.:- 

. -__AG7GAC3GAGAC--77CTGGG7 



25 




3:> ^^^AAAGAGC'-C7TAC7GG7G^7AGA7GrGA7GGCATA7C77AC.^^^AA.G--A7TA77GGGGG-A^^ 

GGT37AGA7A7GG7GAGAAA.C7GGAG-G--':':.:^-iG: r-^^..,^ 

-G.->.-.-.-. . . 7TTTGAA--A.TCA777GCA5AC.AacCTG 



BNSDOCID: <WO CK)32773Al_iA> 
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^T- '-^TTTTTrT-'-'i'*- --"T-""T. ■ . 



Se<^ence ID No. 4: Truncated Hun^ Beer protein fro. Sclerosteosis 



10 



Sequence ID No . 5 : 



15 



20 



25 



30 



Humax. BEER cDNA encoding protein .r^iant (VlOl) 



35 




rA7C3r.CCC=r.-:^C.=.=..-TC,5TG5CC.ACCTA3TG-:- 

.T.. -C.-o.-.,..^.,-- 1 .-.CCo L-G 7:vrAC-CG = ;T-- 

.^V...GGCV.TG...CCCGCG..CC.CA..rCTGTCCTC7.CGCGTG3TTTG.-TGTrTAT.TTTrATTGT^^^ 

.......GTCC~. ^-^^-'--^----^-TGAGCCACGrAGCCCCG-CTCTGGGGCCGCCTACrT 

=J^TGG-GCAT7TTCACCGCCCTGGGG-TT7-GGGAGCGGTGTGGGA"GG 
.AAAGTCCAGGGACrGG77AAGAAAGT7GGAT^GA77CC.CC77GCACC7CGG7GCCCATCAG.A.AGCCTGAGG.G.G.- 
CCAGAGCACAAGAC7GGGGGCAAC7G7AGATG7GG7777TAG7CC7GGC777GC7AC7AACr7GCrG7GTAA..r....- 

TACACAA7TC77GTTCGGGACCTCA.T7TCCACrT7GTA.A.7GAGGG7GGAGG7GGGAATAGGA7CTCGAGG.Gn^.. 

TGGCA7A7GATTCCAACGACTCCAG7GCCr7TTGAA7GGGCAGAGG7GAGAGAGAGAGAGAGAAAGAGAGAGAA7G..7G 

CAG7TGGA77GAT7CAGrGCCAAGGTCAC77CCAGAA77GA3AG7TGTGATGC7C7CrTC7GACAGCCAAAG..G..... 

CA^CAGAAAAA..AA.GTAAAGAGTCTA777ATGGC7GACA7A7.7ACGGC7GAC^ACTCCTGG..GAAG77ATGC^ 

C77G=CAGCC7GGCTTCCCCG3ATG7TTGG.7A7C7CCACCC.TCCA7C7C^AAGA^^7AACATCATCrA77GGGG7AG,. 
AAAGGAGAGGGTCCGAGGG7GG-GGGAGGGATAG/AAT-JACA7CCGC-.-.---n^TT'-'-^i C».---T 

ACCCATAGCCATGTT77aAAG7CACrTTCCGA.AGAGAAGTGA^GGTTCAAGGACAC7GGCCTTGj^GCCcZGl^^ 




BNSEXXID: <WO 0032773A1.IA> 
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A:--^T-::.A:.7Tv.^-A..;A -A7rACAT:r:--'7T^A::A-^.- -;:.-"7 -T;-;:;-..cr^ 

-•-TvrTA::-;::!—-------^--^-- ' " ' " 

:-T-.CAT------A"T^CA.3A--T-7^,^ ^_ 

^TTATTT--:-:.C7T-::-T.TTTAT.C--.TT7--™--TA^A.^...~GAc:.^ 



■ "--7^7777 .■7':?7Ar- 

■--:-7r."7rT- 



10 Se<^ence ID No. 6: Human beptj ^^^^ 

numan beer protein variant (VlOl) 



15 



^ ' r . . _ 1 r DR : r. v C' 1 L r ? -C^ E 1. 1 = = i 



20 



30 



Sec^enee ID Ko. 7: „^ ^eer cDKA encociin^ proton variant <p38k, 

A3.-C77"GC7A7T..3^.GGTG-GTG:;CC7CCTCTGG7-..~.rC-:;CAG7TCCCA77G:;=C 

rT'?r-l\-.:-7ACr?rTTT3AGACCA,-.-.GACGTG7GCGAG7.AC^^^^^ 
~:^^CCG"G7CGCAGC:^rr.-.:.GCCG"-'r'i™-.^ _ 

c...g.::ccggggc^.gtg.tggcgacctagtgggcccgac'tccgctgcatcc:g.gaccgcta::cgcgcgcagc3cg^g^ 

GG -TTCCAC.A-.CCAGTCGGAG CTC.AAGG A TCGG" ^CG - . 

. . ...^_C^.. : — „C..CAG.A^GGGr:CGGAAGCCGCGG--'-rv; 

CGCGGGGAGCGCCAA^3C=AACCAGGCCGAGCrGGAGA.^C.--T^-T..--. 

■ - - -'-^'^ ^cCCTCCCGACCGGCGGGG 

-CCCGG.C.TG..CCC3CGCCCCACAr^.G.G-CCTGTGGGCGTGGT.TGA."GTT.A.A.T.GATTGT.A..G'^^TGC 
..CGCAGGGCAG3GGGC.GAGACCTTCGAGGCCCrGAGGA..CCCGGGCGGCGGCA^^^ 

^GGGGTCCCACGGGGCAGGGGAGGGA.A7TGAGAGTCArAGACACTG-''-..Gr-^'^^^. 

. . - I J '-'^'--^.^ ---C-^-.C . CTGGGGCCGCCTACCT 

T'^CTGGTGCCAC'TTCAGAGGAGGCAG.AAATG-AA.GGi'-T'T'Tr-^.".--"..^^^ 

T^TT.A:'.GGGAGCGGTGTGGG''^-'"G- 

•^.^A^GTCCAGGGACTGGTT;.^G.^A^GTTGGAT.A:^3^-T"-'-r^"T---T 

r..oC . GAG.A-.AGGGTGAGGrGTGr 

CGAGA3CACAA^GAGTGG3GGZ^CTGTAGATGTG3T-T--T^'^-' 



,^ ^"--~--™3CTGTGT.-A.CGrTGAAc: 
JJ TAC::"L STT T.^ ^ 

. TCCACTT7GTAAAATGAGGGTGG.GGTGGG.A-AGGATCTCGAGGAGAC7AT 



TACACA.i.TTGTG 

7GGrATATGA77CCA.AG3ACTrGAGTGCGTTTTG.AA 



-GGGCAGAGGTGAGAGAGAGAGAGAG.AA^GAGAGAGAA7G^.TG 



BNSDOCID: <WO 0032773A1_IA> 
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10 



....... ...... . _^ rACT. rr.-.7.-.-.TTA:;A.7':7-T"-.r:- 

rAAACAv.^A-A-.-AA-.-.v7.^-A-::A " — it-t^ ^ ^ . 



^ — ---=^---T7T™^ 



.".■?c':at'j.-.'V.a-- L^-.-L.-.-- — 

.r-.--*. - v_ , - , ' v.'CT 7T 7? A-" - ^ - — tt— ' r ^ ^ 

' f-:.v_..,A -.-.■-•r':A7.::c;ArA:-AT7TV7v--T 

.^.•:4.AAAA:-A:--::T'rr'7Ti"T-— _ ' * ' 

.---.-.---.T.T, . . t.;;a;a7-:atttcca.:-a. .••.■T-- 

TT-.7TTT-rT"7o7A;TTTTT.i.i — --Tiii- 



- ■ - .-■■-'.-.•-v-.-. 1 ■--.-.■.•.-.:i.7-77.V-.7.-.77G.-^-T 

CACTCTGrrcrrCCAOAOTCCAGAGACATrGTTAATAAAGACAATGAATCATCACCGAAAG 



15 Sequence ID No 8* 

r^o. B. protein variant (P38R) 

.^-..c^:c^■.L7RFH^,03ElKD^c;7I..,,.0K^Rv=,.R;,,,.,^„^,.. 

20 



30 



Sequence ID No . 9 : 



A7.3C.-.-:,'JTCC7AC7.3.3CC' 



Vervet BEER cDNA (coinplete coding region) 




5737777G7C73C-7GC7GG7A-AC.::CAG-777CCG7c:7AG7GC=AG;;GCCA0:;G..TGC:.rA 

■AA^TCA7-CCCGAGC7CGGAGAGTACrcCGAGCr7rCACCGGAGC7GGAGA =.C= = 
AGACCATGAA.CCGGGCGGAGA.A-GGAGGGCGGC.— ^---.^ , 

rr^-^r-j-n ■■-----C7: : CAGACCAAAGACG7G7CCGAG7A-AGCTGC 

„^ -.-"-c- _ _ ' ' ' -■"-"■"■-'-•"■"■-^^^ 

_ -■"'^■"'-"-•"-'■"■^■~'2~GGCuCCCC.AG7 

■.-A,CCCCGACCGC7ACCGCGCGCA:;CGTG7GCAGC7GCT.37G— -T— 

-"-""•"■'^-•'•--'^'-■•''^•-•3CGCGCGCGC.AAGG7GCGC 



35 



Sequence ID No. 10: 



vervet BEER protein (coi«5>lete sequence) 



BNSDOCID: <WO 0032773Al_PA> 



wo 00/32773 

■* PCT/L!S99/27990 



-^■A?-K::^•RLT?.FH::5-rL^::.^::^r•.^-P-..--,.,-^ 



10 



15 



20 



sequence ID No. XI: Mouse BEER cDNA (coding region oniy) 



sequence ID No. 12: Mouse BEER protein (con>plete sequence, 



25 



sequence ID No. 13: Rat BEER cDNA (co^Xete coding region plus 5- UTR, 

C-CAG.^C;rZTCCTCAGG.n...C-A3AG=.3.C....CCAG.n.cCATG.^^^ 

ATGACACCA^AGACGTCTCCGAGTArA.CT.C:GrGAG..3.ACrACACC.0crTr=T3ACrGACGGC-C.^.-G"^^~ 

CCC^GCC3.rCACCGA3TTGG.3-:3..CG.3.:A3T3.G...CC3.GrG3..GCr....AACGCCA..G3GCGCC.GA.A 

GTC.GTGGCGCCCG.-.-.CGGACCC---- -T- "rr-T.-.-i-r-, , ^ ^ 

o --.•-■-L.CGCGCAGCGGGTGZ^^.GCT ^rTGTGCCCCG 

GCGGCG"GGCGCCGCGCTCGrGC-AGG-G-''.-T,--.-;GTG.---^-'-r-T"-' - -t — -^ r 



35 



BNSDCCID: <WO 0032773Al_(A> 



wo 00/32773 
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7.-.-.:::::, 



5 Se<^ence IDHo. .4: Rat BKKK p.o.exn (con^plete sec^ence) 

^£-n-rvT:..r,..,.,,-.,,_,.^ 



15 



20 



Sequence ID No. 15: 



Bovine BEER cDNA (partial coding sequence, 



-rTCA:-Cv?TACG~GAccGAT.~G.:;cc.:;TGc:r.3CA:;-:-3cc:.-. 



r-:^CAT-: 



...^^..G..CG=.GCGGGTGC.GCrGT.Gr.^.C.G.CG.CGCG..GGCG.G 
3TGC.A.G-r^,^CGCCTCACTCGr"T"-..,CCAGTCCGAGrTC-^^^^^ 

CGGGr-GG-GCTGCG7CC2rGCGCGrGGGG-ACC^..^GCGAGCCGGGrCGA ^^"^ 



25 



30 



se<^ence X. Ho. XS: Bovine BEEK protein (partial se.^ence - ^3.in, 
signal sequence and last 6 residues) 

GRKLF.PRAF.3TKA3RA 



Sequence ID No . 17 • mi,it ^ 

Mlul - restrxction f„g„,e„t usee, to ma.ce n»use Beer 

transgene 




CGATGAGCCTTGGCGTTGAG. 



ATTGATACCTrrGrTGCACAAAAGGrt.ATC 



BNSDOCJD. <WO 0032773Al.tA> 



wo 00/32773 
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-1 "1 



"-.Gc.-. :~ - r--.-.-.-."T.-.- 3c.-.i -T.-.-.T ^ l — ^ — ^ , 



10 



?rTTATT7AW.?ACr-rrCTG.VAi..3.r.i.i-.™ 

-'-^.---A. -^.^.::T^.CC-T.^^.^— ACCCTA^^^^^^ 

• --^ -*--T7rTCCA::AT.-_-.-.:;rTT': 

l:> ACTTAGATC;-AA^^CAAAATGAT^^C:Ar::CG^^ 

........ c.-j.-,rTA:-.::.AA-T"T-::7" 

TATTATT-3CTCGTA73TGTTCT7A--TT.AA^^..C:.AAA^CTTTAGT7AT 



20 



AT-r.AA.AAG.A-.TT'-CTVA^ZAGTGGGA 

I .G.l-TTC- --.-.TT.::c-T.i;C-T.-.G.-. 

GAGC-.-A.-TA7AT.;a^rGCACTCTT-AG-TTCTGTCAA".rGr--^ 

- ■ ' - - ^^■-•'-"-■A-._-:T-r,C-CTAA-.CA 

oAC:CACAGGOTCA3C~=CAGCTCAGT3.."7._-;-A7A3-CTTA.;G3-i .-. 

-o - J •^-CT.--C7rA.-.r7A7C.'-- 

AGAA-CAGGGGG-7G3C7-7-AGGAG-7GCT7GC7GGG— .... _ 

■ ■ •-• ! ~7GCAG7AGGT7GCC7 

-:> •^-==-AG7G7.7AGGACT3A7GGC7GrC773GAG.A-ACA---.-T--^. 

- . - . o . : - , . r , ■,-ACC77GACA7GGGGG'- 

CC7GG7.AGC7GGGAGGA7.A.C7GCA7ACC7AA.GCCA.GCG7AAAG.77r-7.r.7CCAC.7G.AA.7C77GGAC.... 

GGGC77CCGGCAGA7CCT7TCAGGCrAG7GAGGGAG7C7G7GTGAGC7GCA.777CCAA7C7GAGGGCGTGAGAGGC... 

GGGAGGTGGGGGCA3AGC7T73CAGr7C-— r— rr^-T r.- 

.7 _ . — --.--C..~37GGCTCAGCAGCCCA7A7GAGGACAGG." 

------ ---•^^TTT.CTGTC.TGCAGA^TTTAGGCTCTGTT.ACGGGGGG.GGGGGGGGG^ 

.ATC7TCTCTTAGGTAGACAGGACTCTGCAGGAGACACTGrTT7G-r....-.'^^^^..^^^-, 

. . _ - . . . ^ T7GGATGTTGTGAGG 



r A? TCAGTCAA.G G T A : 



71 AAC7C7CA7GGTA77GGGGGGCT AC-C7 AGTGC7 ^ G 
.CAT7GCAGAGAGCC7CAGAA37GTAG77ACCAG7G73G7AGGA77GA73C77GAGGGAGCC7GACA7GTGACAG77CC; 

TTC77CACCCAG7CACCGAA.A7TTA77CAG7ACC7A.CC7.T..CAG3CAGGG7A3.AG37ACTGA3GGACGGA.'-=^^ 

CAA.A3AACTGACAGACCGAA.3:77T.3G^A7A7AA^=A-.-...-.^.T.-n."'--^---.---.--. 

1 .A..^,,c. .,C-.A".rAG.A:.CA.77rT77A.ACAC7C:^ 

GGGCCT7TA.ACACTCAGGACCCC7A 2 r'--." A-.-rr-i l , 

--- •--'=•-•-•--■-^"-^-.=A7777ACA3AGAG3.-A».V.^^^^^ 

CGCACAGGA7GA7A7AAG7G3C-7GC77A..3C77G7C7GCA7GG7AA.7GGCAGGGC7GGA7T0AGACCCAGACA77CCA 



BNSDOCiD; <WO 0032773Al_IA> 



wo 00/32773 PCT/US99/27990 

76 



10 



15 



20 



23 



30 



T3T~ -.-.TTTT :■ :■■ 



:•: ■.•■::.-.:;-.-t ;t^t r-- ?.r ~ A-r at caccc.^.g vt s -ja.;;.-.a-.-t ;;• -at ■.;a ■.- 



35 



.AT. VG..AC:c;A-~TC.AAC::TCA- "T-ACT7T0=AAAC;=..rCA.:-A^AT-TVA~C.-rA--C;r--"-rA-AA^ 

"•-r-^.z-37?.zr-.77z-zr^^^^^^^^ 

A-VT.-^CCATA^ACATGACA":.GATAATAA7A-Tr-A--;A;:A-A:;-" 

TA-T - -TT-TTT TA-TCA-^TAToTGTAT ACAT- 77 - -A -AC- - rCATAG^ 

":77",AAT"3T7""-rACC7CA-rTTAT-7T-73AG3CAGC:c;TCT7---;vC73A--T33C4G 

--3::-3^-AC.TGA-7"33A3T7-.3C7T-7CTr7ACC7C::=7A.:::;rT0;G3AC73CAC;C;33CA^^ 

3rr777.^7GTCGr.3T7C-5C,--.^7CTC-.V.CTT.i.5.37CCC7.V3.3CCTC^^^^^^^ 

T73A3C.AA3T3.AACr.ATTr-::7A3- = -'-'-'-CC--o.-:T.«-5,-;.--r-~T~ 

-■ ■ - ' T . 1 -TTTTATT33-J7A3C-CA7TCAT3AC;73-37C 

A3rTC3-l-'.-A3.A'33.->.7G.A3T3G-~ -TG3"-^-;.-,---T.rn- - 

"-^ - ' ■ CA-o-.~.>.,-..._ . A.-.-.3A7ArT:-33TTA.-.3T.-.:TT-J-T .30-337 :; 

33TCC3T3CA3CC3CA3ACA3--TA5GAC73AATGAGAGCTG33TA3T33TCA3A3A3GA-AG-33C7GA3AG33T- 

ACA333CAGATGTCAGCAGA3rAGACAGG77CTCCC7CTG73G3G3A3333T3GCC-AC7G3AG3T3T.-.7-3G3rT7CT 

7TGT3.777CATAGAG3C7TC37G3GTAC.ACAGCAG-7T-3C7GT33733T-3.A7TCCCAAA3AG.A-.CTCCC7Ar3ACTG3A 

C-TACAGAA377C7A77GACTGG7GT-CG37TCAACAGC777G37T3773GT3GAC3GTGCA7AC7GCTG7ATCAG3TC 

AA3AG7-CATT7A7G.AAT3AACA-A-ACACACACACACA3ACACA3ACACA7A7AA3C7A-777GATATG-377A-^C7A 

3r7.3A373AC~GG3CA-77C7GA-A7C37TGAAG7TAGCA-A7A7-73C37CTGG737TCC7G3CTTAArA-T7CT- 

A777ATAr777ATCTT737:GCC773T7ACC7777GAG^AGCCCCTA.3G3CCA3TT-3C7TCG.rACCTACATTGCTGGAT 

GG77T77C7CC7G3A377777AA.7 3TGA733C7C7G3C7C7GA3CCA7GGGAACAGCCCAA7A.C7GAG77A3ACA7AA 

A-CG---C7AG-3AAA-773A3C-A-T-77AGAC-7^A^7C7-A3TGG7TG7GGA-3C7T,-3A7T-77 

-CC7-7A7ATGGCACGAGTA7GAAG3777A77ACAATtg7TTAT7GATCAAACT.A:^C7CATAAAAAGCCAGTTGTC7-73 

A3rTGCT3AAG3A^GG--AAA.77CA7CC77AA37GA7CTGT3CAC7-7GCAC^TCCA7ACGAATA7C77AAGAG7 

TAAGAT7--GG77G7GAGAGT3A3A7G77ACAGAATG7ACA3C-77GACAAGG7GCATCC7TGGGA7GCCGAA37GACCT 

33TG7TCC.AGCCCCC7ACCT7CTGAGGCTG7777GG.-GC.A-GCTCTGG.-GC.AACT77AGGAGG7AGG.A73CTG3,AAC 

AGC3G3TCAC7TCAGCA7CCCGA7GACGA.ATCCCGTC.AAA3C737.V3A77CTC.7.AA3AGAC7GGGA-.GCTG-GA- 

A.AGGCCAGGGCC=7A7G37rC7T377A.A7C=C7G7CACACCC.AA7CC3AGCCC77CTCCTCCAGCC377CTGT33T7C7C 

A77CTGGA7AGA73GAGAACAC33CCT7GCTAG77AAAGGAG7GA3G7773ACCC77C7CACATGGCA37GG7T33TCA- 

C37CA77CAGGG.AACT37GGGGCA7TC7G3CT77.ACTTC77C-7T7T.3GAC7ACA3GGAA7A7.A7GGTGAC77.3rTT7GA 

CC77G7G7.ATGGGGAGAC7G3A7CT77G37C7GG.A.7G77TC-r7GC7A3T77T7CCC3A7CC7T7GGC.AAACCrT.A7C7A 



BNSDOCID. <WO 0032773A1_IA> 



wo 00/32773 

PCT/US99/27990 

77 



--- - - . '.'77':.-.?:^". .-^r-T" ■ • • 

" — - . . '.-.7 '• "T - /I-I-TC- " ■ 

-T-->>::- V.^"r-?TAA.:^A7.^^.^>7-"A"ACT^^ 

7..T^^-....^,T.3.-AV7...rT.-.Tr-"r-Ar--,.^,,^^,~^„,^,,^,_ ..... 

:^-^A^-A:7.-^.lA:^.-A:^v:Ac;TA■:;A7■::cc.^^ -••A.-r- „ 

v7ACT7AT-::7~.-.-.77A>::7AT0:--^-''='--^~-:-™ ^- ^. _ 

A.7 C-A 7 77 - — ■ • ^ ^ - , . . , 

' ■ ' — --•-^^•::-3.^.^7.:: rAvAc:-?A:^A7::i:7.:-TTA.ATT - :: :::;7 va- ;7A 

!:> ^™TCC^AA7AA.7;-C7:-C: AC::^A-:;77^TA^^^^^ 

.".■:;s:;a7.A"Tc^a-'^-:-:;o-:-."7::::a 

T-::77:v^AAAT7GC7::A"CATCAA7777C::;77C7oG---^^ -.-^^ 

- - . . , .a^.:?Ao~:;::a7 77 :-77"--vv-i 

7CTGT.:;7.7GGG:AGCA-3C:TGC:A7GA.A3AC:^^- -J-'-TG"- ^ 

^ - . : ^ ^-.GGGGGGGG-GAGGGGiGGGGATGAGGT-- 

GAGGAGGGCA:^7'. 

... , . : . i-C7GA7AG7GA7C'77T77C777777777-C77AG77-™T. 

- iC. ( -.-.77A77G7T77C77777 7777-- =- -"^ -"T.- - - — -r-.-- 

' "■-•■-^^ ---':gg7::atgcaga7G--:ai^<-^.-:i 

■'^■■-"■^■rroz7:,.rr..TTr<^,.^^^^^^^ ^^^^^ 

GT GT G 7GCCT GCA7G ^ G 7T - T'"- ^ r . - ^ - 

P.=.CTG.;.-. ^C- ~- - .-..-tt.^tgi ■ ^ 

T ........ . ^ . T7GC7GGGAACT :^.^--CCCGGTCC7ATGC-GAG7AGGA,AG7 

GCAG7TATC7GG7GAGCGA7CTC7CCAG7CC7G^--T''r^--T--^^ 

^-^^ ... . ..c. --.7ArAC77GGCAGAGACATGA7GG-::— 

CG:A7GGAT-TAAT.7GGCGGTCA-7A_A-7TCCGGCAC-3--^..;C^ — T 

-3 "'^ --A7CAGCAC,ii-ACCGC.A^7AG7- - 

A.GTGAC7A7C.ACGC7CATG7T77T7- — -r-.-'-c-'---'-™ 



20 



25 



G7G 

■7G7.: 



30 



. . ■:; 

35 TGGGTTCT0C-TC7GCTATCACACAlTiCir.TAC-Gr-~7--"T"--~-T---T".T~-- - 

_ 1 T : T . . .^i.i.c.s.TArTT7T.-.--7T3 




BNSDOCID: <WO_0032773A1JA> 



wo 00/32773 

PCT/US99/27990 

7S 



— - . . 

Tc - ""T :• rr - - :ta :^ at ?a ::avc;c a -t . - 

- rz.K-.?.-"7 -j:-.-- • - 

TrAT.-.TAc^A" -A? :;'rr7 - 

- . --^ J^^::A^c™rT ^c: : . 

rT.::GA7A ::AT -CA r70:A -0:77 7-- 77AAi.::^T — 1 ^ 

- -"■ -•--'-.-.7:;"7.7o7':rAr.A:;77A----i 

7A.™777a.::c;77.7777C7.3^7.TC.7CTGAA.A7A.77A.^ 

.CCA7^.777A.7.7777A.7A.7C".7777A::77...7:-777^7^V-:..7::^::.....^^^^ 

T77A.::7.A^.7-T::CA7A7TA77 7'-----: — ^ 

* ' ~ • ■^'A::7T•?T:;T:;-7r77■:-70^■:^"■ 
"AA^::A::A:.Al7A■-77777T7-TCAATCAT-GA"7V7AV 



10 A-Ac:::7- 

'-•-■"•^■-•-"•-----■-■=^•:^T■:; 



15 



20 



30 



35 



.^..-T.A.r77A.::77A7CA7.T.T..CA......7.7.-77.777A77::A.ACATrr::7A7ArTC7^ 

...T......7T7777CCA7A.7CCAA.ACT..7T77.:a:77..CA7777AA..7.a:7:^ 

TT3C;.-.-~--.Ca--.-- -.-7- — ^- ^ 

J ---^.-.s:-.^.— 73^ — -^T7A.=L7AGCAC7.:iA-.T--''--^^— -r-i -r. . 

^^.^^ , ^ ^ , ^ J.-A77C7CAGCATGCCATT:^C7 - • 

'J7A-:^ : ----^C^'^^^^C^ -''-CAGoT.3T7CA^.=G7GA-::TA,"77.:-;7'- "--x 

CCTGC;-7A7TrTGGGTGGGTGCAT-GT-ATATGCT7-T-Arc..^.^ 

CA.-77A77ACGT77CC7CTG'-7T-^'^'^G'--GG-'^ 

^ .GrCGCGAG:4GCTACAGCCGCTCCCCA-rG77A 

G7TA7C3CC7ACC77A7GATGCGGCAGA^.GATGG-C---::i^"C 

-.-.^ .... r . G-GAGGCAG A-.7C :;7GAG ATCG 3 

C7rCAA7GA7GGCT7CC7G "Cr 7AA-"^'"~ '—nz-n--. 

- -™^-.-^--caa:;::agggca^ggtgaa--tctagggtc^ 

CCCA7A3C77777TTG7AGAGG7CTGA7TG3GAGGGr7--^^.-'.--;--^"-^T— 

, , - . .^T . . -'■-----■^•ACAG7ATAGC7ACTCCCT.3 'J 

ACC.-.CCAGACACG7G7CCA7A7C7G7CCCACTC7GG7C-T"".%-:.^ -.-^ 

-'--■---I :.-.GG0AGCACATGAA3PAGC:^- 

ACCTCC-CAT0TCTGTTCCTC;-:rT-CAGC-CGAC-.:cCT^C7^.3G-0-G^.-GACA^ 
"-'-■'■'--■^^■^^^^^^^^^ 

...G.G.TG.C.TGGGZ.GG.TT.C.CCC.-rTC.3...^.,,,,,,,,,^3,,,,3,,,^^^^^^_^_^^^_^^^^^^^^^^ 
C...C^C...GG.C...C..r.G3.G....G.^G3...-.......,^,-,,,,,3,,33,,^^^^,^^^^^_^^:: 

.TGXC.CC.CGGGTGC.X.TGTTGG..GGGG.GCC.G.CCC...GGGG.C.G..GG^..;^...,,,,,-..,,.. 



BNSDOCID: cWO 0032773A1_IA> 



wo 00/32773 



79 



PCT/TJS99/27990 







10 



G3TA.CACA-3GT::ACACATA.CATTGA.CTCTCCA.TCTaA.,.T0.,;C:T-T.CCT.CCC.T.CrTCT7C-.........-^^ 



20 



:=CCATA...ArA.CCACA..ACA.TCACTA.CACCTAC.3aA.Ar.TrrTT.T...A.CAT.A..AA.S..- 
A.ATTrrT..CTTrcCATTAa.C;CTOAAA.TACA.C...^.^...,,,,,,,,,.,,,,,,,,._^^^_^^,^^„^_^^ 



23 -"-----^-^TTCCAGG-GTAGC^TCTGTTTCTTTGCT GTTC-T7:;T 



CCA ZT r . r? AT G A r? T AT^AAGA T CCAGGTA.AAAATT ACA^ - 1 " ^ z . ^ - - 

".:-.T..-. . : '--TC.A-.TGTTGTA.AAGTCTG 

GAGA:;GACAGAG7A.ACAG77AGCA.A".7GAGGG 

A.-.GTGT-GGrGCATACT.AAGGGTC"-.— "G-.-.-Tr--- . 

-~ . .-T. . , ~-=^~"rTAAG.AATTCTCAG-7::GGC— TAGCA? 



:aag 



30 



ACCC.7CAC7CCGA.AGTGGGTGTGGA7A.ATGCCATGGCCAGGA3GGGGCArTG-7GAGGGGG.7GCC7T7_. 

TT.C^-A7AG7ATT7AAGATGCTA.AA7G-T77A^T7A.AGAG.AAGGAC7.A7G77ATA_.^ArGAGGA7A.AGAGA77T7 

ACAGGA.AAT7G7GT7^7TCATA_A7TG^7-7ACAGGG7TTG7GC7GATG.7AGGATAGAGAG.AATAGG7GGA7ATT^..^ 

TG7A77CCA7777GC^CTGGCAGCG7TAGGT7AACTCCG7.AA.AAAGTGATTCAG^GGA7CGAAGAGGC7CAGAGGGCAGG 

--3A . 7-GTGGGGTGAGGCAG => GC =• •^"G'"'^ - r-. r 

.-^ ■"^"•"-^^--'-^---^^-^CCTGCrAT::CGGGAGGAAAAGGA.^.AGT7T-G.- 

CTC7AGTG7ACCA7GAGTGTTA.ACGGAC7CTAAAGTTGT;.ACGAAA.-AA.7GTC7TACA77AC^^^ 

'A7AAC7G77G7GGTGG7Gr7GT'TG7TAGT7TTGAGG7AG3A 



T3T7T7G777TGTGTG77TGGGGTT777A 




- - ■ --^ - - "^'-^CC r GT 3CGGC7G ? 7G 7777 GGCT GCCTCCA.AGTGC7 AGG ' G" 

^3 •^-AG7AGATGC7ACCACACCAGTACAGCA77TTT7"^.-.-T-^- - 

^ • -----w : ■ "AGGTAGGG 3GTGGAGAGAGGGTTC^ t 

GC7;AAGAGTGGACAC7G7TC77G3G7A3G^— G^3TTT. , 

. •■^•*---"-'^^TATAC73GGTGGCTCCAGGTCCAGAGGA 



BNSDOCID- <WO 0032773A1JA> 



wo 00/32773 



80 



PCT/US99/27990 



--------^ -'--'-^^ -7 :;t^.::t:;a^ 



• ■ ■ ----------- r.---.--,-.-.-..;;.-A-.T.-.-;.-.-:i 0 ; m 



10 



:5:-rTr-7;:~;vrTGaACT-;;.-7=-- r.--- 

- . -■-■---^-^-■--TA.:;.:;^A5A7rA~AAAA7':;;::-r-3AA 



15 



,._.,^t-...^.a.ttca;-. : r3CAc:cAAccArA7 3 "g;gc-cac^accatctc;t^aco;a^ata-:-a7^--'-t- 

CT.35T.37G? r7.;AA-3ACA^ C7ACA " -TACT7ACA-A7A.A7AAA7AA. 



r7VAA::.A77.777A77ACA.T7A777CA.A^.7A77.A.V.-.:.A^.AA..ATT..^.A7...,,,^ 
-=-.T.:A777A7A.CCAC...7A777..AAA..7..A.C.AA.AC.A7..V..A.777.A..^ 

..=..ACC.7..-::...^.,CAAA::AAA7A..AAA..7.A77A7.7VA.A..A.A.7..777A7A.7A..---.1'^^ 
.A.A.:A7....7......7.....7....C..ArA.A^7A7:-7AA.C-..A.T.AATA....A77C.--7..... 

r7.AC7.CA.CT7AAC.TTC=.aA.^-.A7AA.C=.7T77.7.77::A..AA.A..A7C.A77A7-.A..^ 

.-.tctgt.^^cga-:;atat:::a7c-"-?tc'tt 

^.0rC::CCAAACA.A.A..CA..CA7.A7..CA...A.7Ar.AGCCATC77.7.AA.AA..3rA....C7..... 

1 - ; t : . , TTCTTGTTGACAC7ACTT- 

^A77ACA.A7AA.A7A.AC..ATAA.A.rA^.A7r7A.A.7.7..CCAr-C7C..C7C.3CTT.AT77T7-^^..^....-.^.. 
C...r.3C..AA..7.77CCAA..A7A.A7C..A77A-7A.AC.7..C7A..A7A.A777CCCA7CA..CA0.7..7;::;:: 
,3 ^"^"^^""'^^^^^^■^^^^-----™------....T..A.^^^^^ 

- ^^^^^^^^=-^-^--C-CA777.A.A.CAa.00A.AAA.3A.AC7..A..7CACA.ACAAA....CCA.777C7... 

A-.C77CA7A-377C7GG-AG3AGAr-A7AGATrA7CCC.----i::T.-;.-----. ^_ 

o .. . , , T : -.3TC7.-J 7 C -:C.3A.A.3.3A.AACT.:; ■- 

C7TAC-i-.AC-CA.3GTA7CAG^.--.-'-— T— -T.-' -r- 

• ■ --- ■ ^ -T'--. =• -"•■rT7C,TAA.A..CT3T7AC.AGC-AGCr.3C=.-.--.n. 

C-7G7-.3G7GACAGA.AC-ATC,.WA3GAC.GACCCAGC-CA3-:.-..--..--.-.. „ 

■ ■ * ••'■-' -•■-'-■---'CCAC77A.rAA5TCGAG'3CA.3G7 3 

.-7AGAGC.77TGCAG.AAGCTC7GCAGG7GGACGArAC7GA-7.-.Tr.^-.-., 

— - ' •^■■-■^•-■CAGCGG-GCTAGGCGG-.Cr 

30 ■^•-GCC7CCT7rC3AGTCTTCCTC=AGGGCTGGGGAG7C7TC.--.n.-.--.-.-...^, 

; . : .J : -.TC.-.vj , •^CAGCT7CCGr GAGC'-r-Trc 

TCC7777GCAC77CAGG7GTGA.C3C7CCC7.C7G7CC77C7..77G7GGGA7GGCCC7CG7GC7AC7GCAGG77G:g;: 
TTGGATr7C7T7GrGCTTAGATAGA3CTGAGA7GGC7777TGA77TA7A7A7A7ATATCCA7CCC7TGG.T-.....~7 

■13 =^'=^-'A-T-3arCAGC7AG7CAGCC7A.=..CCTA.^.:.7.^-.-r---..-.---^^ 

, , .TC-AGGGA.A7A.Ar77GGGAGA.iTG!- 

C7GAGA.AAGA.CACCTC'-T--G--T— --r— T — - 



BNSDOCrO. «WO_0032773A1.IA> 



wo 00/32773 



81 



PCT/US99/27990 



at:;^:^.- ~ — i--- — 

T V -A T I'vAT T r CTT . — — 

. , -^.^^ - --CTTij.-ATAr^TA-:^" -7.7—7;: v.i. ■ 

3 G7 :=.--'7 C "7 .-. ~ 7 T 7.-. 7- - "7 C'" ^ ~ ~ - - - - — 1 1 - - - • 

... ..-.-.-^-.-7:.::7.L-7::77 ^-.^^^ 

,:.,C.^-C--V---..A.T.......CC.TTAOC-c:C=C-::::::-,^ 

■•• -.-ATT.^.-.^.-..:-..- rr --.tttt ".- - - - ^ ■ • • •: - _ _ 

ga7A777-:^:;"7-:-7t:;':7-:-'— — z--,-- - 

- " - - T 7 r7 7-:^.^-77 7A 7 77 7.1 7-'^T '/ 7-.7 ^ 1 
10 "---T7A77-7.7.A7.=>.n.^^ _ 

A7777C-::7 7A.7:;A7GA7777 7.-.0:7JAiA7A7-~---'--i- , 

• • -c. 7A777 7 7-7-:;c.-.tga7-7:-a:4-7:^ 



15 



:;G77777-A-777.A777^.-7T-77777-7.7777AG77-7-7-^ 

A777777A77-77C7GT7C777ATCT7.77TA7T77777A777777r-^7777.7G77-:.7::V^.^^^^^ 

7.7A70:.^7^77A77C7A7AGAG777A7777A7777~7::7A7AGTA7C777A7C7- :: 77 777 7. : . r . . . . ^..-.^ ^. - - 

C77 77CG7A7AA.777A--;G7--^r-r~,-'-"r'L— . , 

„. . v.-.Co77A.AA777A77.77A77.Ai 7AAG7A7A':TA77 A::G7 ' 

G7G7-7GGT77 :7AG'-77 77G ;:7A7A-7A 



GG7G.^G7777GGGAGG7GA77GGGG7GG7TTTAGCAT777777CAGA7G 
GGG7AGGGACr 



20 



rGC77GGA_AGAA.7A7TAG7A " - --^t - a - 

- • ■ ■ ' •^■^•-■-'^-'--■-^'A-.T'rGGGGGGC7GGTAGAGAG7 

--^,,.^_.^,__^_^„„...^ 

ATT 3G 777 7 G GGT G GGAA "T r-^ i - - z - t ■ ^ 

: ..^..-.T._„77TTG77CAGGGT7T7777A.ATGAG7CCAGA 

GGG7TAGCA^7A.^AAGA^7AGG77-T7TAGG"GGCA-GTGA7ATGAGGGGC.3CTGAG7GAi..77TC.77CTGTATGAG7A 

. r . --rA77777G7777A':7C77GAGGA7A77AG.AAAC7GTG•A".-:-^-' 

C3777T-GCAGAGGA.AG7G-77GA7C-^=--..-.-:'-^r— ; t-- 

. . T^v.r-.-.-,C_CCAA.-.ACTAG7r::77CCC7GGGCA.-A.rAGG 

:CTrcrc7A7ATACCA7C777GrAGG3G7GAG7A...A77AA7,:CAGC7ACAG-GGG7GGCAAGGC~ 

30 -T7G7GCC.7C7C7CC.CCCG7G^AGGTGCA7CC7GGG.7CTGCCCC77~GGG77TGG7Ar7GGGA777-777'T7CC7T 

T7A7G7CA7A77GATGC7GACArGA7GGAA-7777GGAGG7AGACAGGACCCACACA7GGA77AGT-A.AA.AGCC7CCCAT 

CCATCT^G.7CA7CG7AGGAGATAGAGCA~G7.rA..GAGAGGAGGGCAGGCATCAGAG.7AGA.AGA7ATGG7TGGGCA7 

CCAACC7AA77TCC77CCC7GGAGAA.CAGA7777---7AGAT7CAGrGA.CC77GAG7AA..AGCTC-GG7ACAC^^^ 

ACAAGA.AGr7-GG7A-GAG-GG-GCTA.^A7A-7Gr-7G7GG7.G7AAAAG77ATAGG7~77GGG77AGAACTC:-..A 

35 =;'^7AA.GTCGCGAG7GA.AGAGC3A.-.AGGCC-J--7=^---.--.--t,--r;^ 

-■-■'-..^.vu.-.._._;..,^v.,.JTC-~A7A.ACAGA7CAC7T 

-■-"•rGCCCCCCGCCCGCA.AGCAGCCCAGCrCTK'-.-C 



77AGCGTTGCGGGAGG.rAGAGAG7rC7GGCA7cr7AGGTAGr- 



BNSDOCIO, <WO_0032773A1_IA> 



wo 00/32773 



PCT/US99/27990 



82 



10 



15 



■ 1 ; 



■"" ' ''■■-■^^':Zr"7z~\: -^"k<}c?-.:-~7::T::-:7:?s-~r7?-~T;-.:: 

r-?3Tr.3C5A7-JCC7A:~.-/v:r.::.VXiA5^ :-AT-:;7T..Ar-^-^ 

".a......cv7.^...tac.taa^ac.-ca.7:™aa.ct.::-a.-7::t.A7----.t::.^^^^ 

...-■.VA....^..T.A.T.....A,::Tv...T.777^.7::::::7.>::.7^■::^A.:.....,,,,^ 

A7VTCA.7..7Cc:vc..,T:.:.:T7:;7~r.rTA7.Arc.A7A::A.VAT7r::;AA.:....^ 
..7..AWA....c..-.--.,...,,,,,,,,,,,,,,,,,^ 

.r . - .r^ . . V ; - - cc " = " 3.:: 3C^c- > r "AAC.;7CA7 7 ; -cc;c "G^^^ 

77 ? 7ATCCC.5.3A77-3 TT-CSCC 7 3 7A.3C.?.?.3T ? 7.V3 7~ -73777777-^3^- 7.:.73-3rC3C3 77 73 r 
3777337337C773T3.A.3737A.3737C7=AC7C37-777A7.A7rA77C33A3777A.33A77T7333773l^3.-^, 

c-::-:; jc^c?cr3CAG.-AG3"Tc:-c.^-.::rr-:-v^-^-'-r--.v---— 

'-^'--^-■-•--------------"^.-^.cvagg-c^c=a:^c:t:^^^^^^ 

v.. -..3A:;co;A.:;"ccGr3rcTATG" ---r 

...... . -...'"7CA:;T-.AAorcTGrA-o-A:K:c::AGGG.:^T 

:^"C.A^ACTTTCCA.::ACCGT.::TGGA-:;7Tr-CA.-C — -.--^G--:^r-'-^-. 

33373333777773733377«3A3A.33AA3CT73.37737.3A7^C737C7A3777C.333T333.T333.377^~.-.. 

777773CC.3ACC^A7A7A33A7...337.,3737TTC7.7777A...333A^3.33..3737.3A.C3A...3.77T333.7733 

20 TT AT GGACGTACA GTAA.GATCT ACT C'Z----Z:-'^r::zzT-T ^„ _ . 

. ■^-GTGGGTTAGATAGGGTTTrTGATC^T-iC- 

733C7A773.37.73AT7TT03377A73733-r7C7C777733TACC3T777777T37A..A.T.333A7733. = ^T.7^-^ 

OA3.77C7..33.77333.7.C7777737.3.773373.3.3.3.33.3A.C.,3333.3.3.7T.3333..3.3.T7C733 

73337A-7G7C-.3A--.377377777733C7CC7A3 777C3773C77CAG.3 377733C77CCCCCA77C7'7"-, 

77AAA77T3C7T7C.A-77CA7A777333ATA333AA3G77A3377C73A3A3A-33T33A^3G3CCA3AA-7A7A 

C....C77C7CGAAGA37AG7G7777GC7C77AAC7377-73-7A7A773:AAAG33A7-777TACA7AA7A3TTTAA.^.- 

C3TTG3AGGAA.CT33G7773CCA37CAC7T7C7A7777737C77-73C7AGGACACCAC77CCT37C7...-.r........ 

A7ACA777CTG777AGAAACAGA3CGTCGTCG737737777C7GA3A7AGCATA7CTTACATTAAAA.3AA7li;A^;.; 

G333G3GGGCG3AG3G7GCAA3737TA7A7A7A7GC^GAGAAGC73T7AGGCGC7ACAGCAC7ACCCACAAT7T777T3T 
A.-_ATCATT TCC AGA. "AC "T^'rT^'"r-T,'"".'T--L-n— „ 

^ I : . .-A:,AG G :^GAGGAG AGAG AGCGTTTGTAACAGA.A 



:TGGTGAGTTTGGCG;l— TTCCATG7GAGACTCATCGAC^AAG^-T-^ 

.-.CCCOCCTTTTTTT^TTT.AGAGTTCAGTGACATATTTATTTTCTCATTTA.GTTATTTATGCCA.CATT-TTT.CT.. 

TAGAG^^GGCAGTGTT^ATATCGCTTTGTGA^GCAC^.GTGTGTGTGGT.TT^TGTTTTTTGTTTTTT-^^G.^C..- 

3G.^TTGTTA_AT^^GA:A.ATGA.ATCTCGAGCAGGAGGCTGTGGTC^TGTTTTGTC^ACCACACACA.A'^G^-T.GC^.r^ 

0TCATCTCACTCCCTT.CC^..GTCAC.AGACCCA..ACCTTGA.C..VACCTCCGACT.CTCTCT3GTAGCCCTTGTGG-^. 

3 :> AT ACGTGTTT C CTTTG^AAAGTCACA" TC AT-C'""Tnr^-:.^T.';.- . ^ . r--- ^-.^^.^ 

' - ■ "^-^ - -^-ATTCCCCAGCTGGGTCATCGTCAT 

rGACCACTCTCCACACTGTrTTCCAAAAGTGCACGTTTCACCGAGC: 




ACCCT( 



BNSDOCID: <WO 0032773AVIA> 



wo 00/32773 



PCT/US99/27990 



15 



20 



25 



-att: . 7— 



30 



35 



a::7 ::::::7 c:; :;c7-.-.7'rrcT 7- 
?.':^-?T7 ::at-:;.?.-a7777T 7 77 ? r 7 : 

- r.-_-.T-i - ... - -T7C-.7C;7.7AT.-.:77T71 

•rTT::.:4.rTATGA.33cc?T?TCTr."Arr7r-:-^Tv-v::TccrT-jr.-- ^ 

CA.:.-:.C7TTP^-— A3TC™T3CAT37-7373-3Av333^Ar7C-AT-"7T;jv7AT^^ 

A73T3CA7™a.::37T3^.7CT33G:-C-^7^TA.C7.rC.,.3C;:^3r777C7..V7...7rT.^7rVA3C.77r..7-i:^ 

C7777-.^7TC^C7rC7^.73.^,7T..7"^^T..^77A7C^T..TCA73TC7T7.^.A^.T..C7A-73A.73773C7 
C^"."-vr--37337TCrA3--CCAG3AA33ACTTTT-333^A7:;CA33CATCr7G.-^ 

C.7.3A3.7C7T3.CCA3C=C7AC.A33CA37.3T337....3A..3T3A33A7.3A.3.A..3C77.....77.^.3.73..3A 

7A-7G77.-.C:77A-77:.-.T7.AAAAA-77^T — r^'-'-L 1 r - - --r- ^ 

• — • - - -T7.7CAC770;T7CA-7CTA7C^CA 

■7A^O7-AC:7.?G-7CATA.7G7GA.-.0:A7A77777T-tl ^ 

^i.-.^..--^C. -T-^7TrCAGAGCC:;G7A.7AGA"AA^TAAT 

3T7A7.:=.7..crcCAG..CACA373A7T.rA3A.33^.C.CA..^C:A3.3~3C73C7A.A...T...-.AA..A^ 
5TC:CCA:;^r?CTC7A«5CAAA^ACTrC-TCACAT^C;ACACA^ 

TCCACrA7C-T77AC:-TGCCC7T"ATTCCCATCACA73.rA3C:3ATGA33C;..CA7CA3A3AC-crAAG-AT^CC 
ACCC.....--AC~AG.3ACTT5rT7TCTG.=a^rAGACA.^^^^ 

A.AGAG;;-7-AA.iA.i.ACA.AiA.a.ACA.-.AC- - ^- 

------"-"•■-•-------•-------A.CAAA.AWAA.CCCA.A337CCA.'i.-.7737A 

GG7=A--3~7AGAG7T7A77TAT3GA.^A3TTATA77CTACCTCCATG3C-37CTA:aA.C-3CT33CGCC-ATCAG^^^^ 

A^CA.ACAGG77GA7G7GGGAGGGG7G3-AC7CTAT3GCAGGGAGCACGTGTG7TTGG3G7ACAGCCAGACACGGGGCT7G 

TA7-A.A7CACAGG3r7737AT7.AA7A33373A3AGTC.AAGCAGACAGAGA3ACAGAAGG-ACACACACACACACACA'^- 

CACACArAVArACACA7ACACA7G:ACAGACCACTCAC77C77AC7GGAAGAGGr.C7AC77ACATT=7A^G^AC.A:^C7 

CAT.AAAG-3AGAC.AAAG7-.77AGA.AA7CCA.:i = - "C"-^ t^t-^^. , 

> C - _ r_ ._ _ _i r:TC7 C7 7 7 GA.Ai.7 G ACT 7 GG AC 

AGGGGTC7GCA7AGGCT7CC7G.-;"---rc-- -1 r- - ^ . 

• ^ . _AC. ^-AA.77TGG7GCTGAGA 

CCTGTA7AAACCC77TTCCACAGGT7CCC-GAAG^GGAGCCC:^CnT— r^^..-.--, 

1 - -CTvj - CC A C7GAGGATG AG A 

GCACT 7 GGGCC7 7 C 7C 7 A7 TCT t ~G - ~ ~ " " - "r "t ~ - - . . „^ - 

' -----^■------3CACATGAGG777CAGGTCTTGGG.AAA^ 

TTCCACAAG7AT7G^^c.GTGT7C7TGT777GT77GTGAT--^:^T-TL^r-.-^ 

* ^ I A..^ , - . .-. , •--.-.vjTv.vCTTTTGCTTG,".ATA7ATGCCT 

GTGTAGCATTTAC^^.GCCTGG7GC7TGAGGAGATCAG.^.^.GATGGCATCAGATA7C77GG.A^CTGGAC77GCnr;.n.G.T. 
TGAGCCACTGTGTGGGTGCTAGG- i^rn -iirc-G-tT'— n 

TCACTGAGGT7CT7TC7GTGGCT;...AGAGACAGGAGACA.AAGGAGAGT7TC7TT7AGrGAA7AGGACCATG;^7G7T..^ 

CGTA.ACG7GAGA7TAG3GCAG3G7GA7CCCG7AG7GAGACCGA7G3CCC7G7G7AG77ATTAGCA3G7CTAGT7T7ATTC 

CT7A_ATAA.G7CC7AGT7TGGGGCAGGAGA7ATG7AT7CC 



37CCAG7TA-C7AC77CCAA.GT 

ACTTGTTTCTC7-7CTGGAG77G3GGAA.GCTCCC7G7CT.-;r--GT^ ^ ^- Tr^^-rTr-T--^- . ^ 

- - . o ] . . ^, . .J , C - ATTCT i OA.t.CCTTAGACA.^GATCAC 

7 CAG7 CCAA^ ::CCC77C.A^T7'7AGC77TCAT AAGGAACACCCC7TTT G7TG 3GTGGAGGT AG 
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~A7T7-:AA:;-.::-.::c-A:^:^::vTirArAo:A?.-.-.-.cvr-- 



]() 



7 :- -. TA 7A V 7 TA ? A-/: r A 3 AT ~T - ■ 

r^A ."at 3rs™ k:a~A7-^- a i..-^aa :tttc= va rAc-A .-.i-r-,-. 

CAT.i:\AAo"A-;AA.C";ZAA;:r-Ar;A,;^:vT7TAC-:;-TAv 

TT:;-v::Tc^;:AG--r.K:cAAvTo^G.— c;ggctc:— a:: j-r." . „ 

- ■• • - : ■_■ : ■:;'-:-7'.";"'"---";--;- • 

T:-C.A-TArA37CATATA7-.-ACA--^0;CT~TrTTAT",:;.3.:CT V- ... 

'r r,A-.T :^:;.:;t- ^.^.cT^^Trr^-^r'i'rcc r ca;-A7c 7? 1-- l 
a:^::7--::^t 



"A-A7^^T-.::.--T.-^ 

:7TC;7Ar7CAGCAG7-77TA-..:.CCT-7T-A.3A^T7A-T..70:A377A7AG7^AG 



.-A.T-rAA. 



15 



A.7.A..CA.....cA.:.,,^7.....AT7r...A77..A...77....A-A7....A.A7A7A..AA..3T;A';^ 
..= ..-C"AGA7:=AATA-GGTA^.-AA^.7GTA.3G--77^rA7ACAr^.i.--.--^.^^ . 

•3CA77^7A-.T::.:^C77:'77A.:^:;A.:;77T7A'-.''-r'::--.-.,^-- . ^.^ 

-----^--..^aA:-A'7-:;:;t7--:;7-::.^0T7Ac:a 

-A7:-7A:-7A"GCC7:;.A^7-AA7G^::AA::CAA7T^A-GATGC-^ , 

- •-■- - •'-=— '^^.-A. A-_-.i,:;-c.A- 

O.AA..7..C.7.7..CCAC7.^A...A.777^.A..7.A7.7CArA-T::7CT.7A7.7.7A.::A...CA...-......™ 

....C-7.AC7T.7.7.TCCA7A7.ATTCC7CC7T7TCC7ACA.77A7C7.C...7.C7..A..C7T..T.77^.77..A.A 
- . ...--..7A575C.^CAGCTGCAC;T.-A7A^A7G777.3C.^AGA.AA-A: r7..A_^^^^ 

^GAGGAC.ACrGAGCTC7GCTGCCTGAC^^A.37TG.A3GAC.AGTrTr7rr^A7AGA7GGGAGACAGAGGG.A. = G.7.; 

20 -TCAGGGGAGGAG7CAGA.3AAAGGAGAGGGTGA.3GTAGA.3ACC. 

-.-...-..T . CTA7-.3C7ACTG 

ACTGAG7A7CAGCTGCGTGGCAGACAGCCA.ATG-C1 - GG.— 'r- ^. 

- - - ' ■ ' -■^-•-■~-~'-"~GGGACTCC7Ar-G.-JCAGTG 

C7GGCAGAG3GGAGTGG7G.^A.TG37GCATGGT7TGGATA7GATC-r,-...--.-.--^^,- 

• ~ ^ ■ ' -u . TTCCTT77AGTTG-T 

GGGA7AA.AG-JACCC7GAl-=A.AAGC7A'J7TT--~-r--'— ,3-^-,— T 

.T,..-... . .-.TTTTGTTTGGTTTTTrGAGG-AGG—T 

TC-77G7A7:AC777AGC7G7CC7GG^ACTCAC-CTG-AGAC7AGGG7GG..T.G.AAC7.::A3AA.ATC.C::.7— T^TV 

2d CTCC7A.AGTGGTGGAA.T7A.::-A.GGG— Grc-CCA-.-i—G—^-;,-— - 

, .-.7T-7AA.GAGAGAGAGAGGA.A7 37A7AAG 

rATTA7AA77G7AGGTTATAG7TGA7TGC73TAGA^rTG3AG-7TTCATA77CrAGGTAAT7TC-ACAGA--Gr.-.^. 

.--AA7AArC7GTTCTACGAnA7CTC7CATGGACTCCC-TCCCCAG7^.-~---..n.™-- 

- ■---■•-•-■TTTACA.-.GAAATAGTG 

ACAG7?ArA3TG7CTA.ACG777TGGGCATGAGTC7G--.---T--i t 

' - ' ■- -^•-'2G.-.A3ATGAA.-AC7TrA7CTAGT 

G . CAGCAT-TGGAGCAGAG7C-TTGGGA.TT7GAG::?G--—- -T 

'^-'-•-■•-■•-■-■-■■--^--•^■■-•"-CATGGAGAGAGGGGG 

GGATCACCrA=GACCTTGrA=C72CAGA.ACT:AGAGC^'- . .7T. . . ^ 

' - ■ • - -"^tcgtcaaagcacagtcggtc: 

tgggttgtatcactg-ca.atggga.-.acag - — TG^-- -.- - T — 

. - . T«.. . .,.,...T..,..,.-.,.-.-,. , T... AC.ATTGCATAATGTCTAGAA.AT.3A^.-:^G 

TCCTA7AGAGAAA;.AGAAAA77AGCTGGCACArAGA7AGAGG7C:7TG3AGGAG3CTGGCTT7G7-TCCCCGAGGAGGTG 
o-GAG7A.A.G37G7A-TGT7rA-G;AT37AAATGGGC:rATATATGAGGG777G-GG7A.ACAA,G..G-;^.™-^^^ 

C^....-...GACArAC^CACACA-CA-ACrA-AAAGAAAAAAAGGAAGAAAAATCTGAGAGCAAGTACAG-AG7TAAA 
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.*--.vT::77-:^::rT:;--7?:;TCAr?7T'T 

:;rA::CA::~V7AVA-A7:^77rA:;r777-.:^A3T77'r7 

77A::GA::vrv-7-Ar"c-:7~=7Gr7.:-o;A3-77-A-A-77T.3- 

A-77.::777^'.-77rC77C7..-.C.7T.7;A.:-777.A7A7AAA-A::A7.:VA..^^ 

':vA-TA-T77;:^.r^AT-rTA-.T-..A::rA::-7A :-7a.-:a-- ... 

-^:;v7r--.r"77777.AH--7TCA-v--v7-.::-::--r7A7 

:A77- :e V7 ::7A0:::7 -TC; ::TA_A" -A77 :-7T~ ;: ,7 , . , 

r:':-;'.:;-.A-A--7 
■:^::7-::a7:-7A7a 



7777-:;77-::V— r7777T'T-A^:^77:^: 
10 TTrTC.AArA.AA-.AG...-7.A-T-rA^^..^^^ 



15 



:C7T7CATC.:.A..CA777A..A3.7AAA..A....7.A.AAC7CT-7.A.^77.^^^ 

TA7.7AT.A.7-A777.7.7.7A7A7A777Ar.TA77rAT..A7A77A7.7..7-.777..^..7.-:.^ 

ACT7.77A..A.:--A7A.7CA7A.A7A77777.A7.r777.7A.7CC7.7.7^A7C:7.:.^ 

C7777.7.A.77A.7A3.T..^C7A7...CCC7.A.C7AT77C7::CA777»CCA7A7.7.7A^^ 

C.-. : ,-.7T7 7 r7.-A-. r7GAACA7CCT7 =^7 " - G"." a - - — - 

. : .:.^.c -1.^^. A 77 ::C.AA-.C 777 -77A7 ;:.A-.7 - ' 

T7ACTAT7'JAC77^"::r7T'';.^^~"^- ' ^~ 

C:A.AA.:;AT.rAT.TA.ACrATTCTTATTA^ACTAT..C~TT.CTAA..A..ACTTTCCTA^ATAVTrrA....-.-,--.^-...-.- 

'^'''^^^^^^^^^^^^-^---^^---=-^tact...a^ac..^ca...^ta.a.a~c.a.a.atca;-^^ 

— ^CAAOA.A.A.rT.CACACC.TCCA.0:A.ArA.-.A.CA.3............c~..-.-.-.. 

CCrAA.AA.CTA.T3C..rrccr..A^..AT.CC.CrCA,3ASA^-CCAr..3ATC..C.T.CT3CCA.AA..T...-3. 
.TCCA.AC^A.rrTA.C..A^...,A.A.3C..CCT.A..C.CrcC.A.A.C:...CT.C.-,CCT3.-..-..-^-..,- 

rC.33A3.A3A33AArCA333T..3AA.T3ArrAAATA.A...TAT.AA3.AAAA.A3TA.A.A.ACATA.ArAT.T.T.. = .~ 

^=.C-GATCTA33-3rT33CTCA3rA3"AA3A3TTCT:..3C-G-C7T.~-...-:.T-- 

- ' - • • - - • ■■ ■ I '-CCAC;VA?CCA 

23 ~ATC-AT.3C-C77TCA.AC7GTArcTCT---r-cc-G.~-G--r ^- 

— — -T-SArC, crA7A3ACAA.C;AC-.-TA3TCC7^- 

73CA.AGA.?CAC:AA.AT0C7C77ATC7377C-A7CCAT-J---7 -7 

i - . _ I - . . ... . ■j_ -.-.o.-.Tl-AT77.AA.AA37.=.'37-:-3.ACA -t.-- 

rcCA-7-7AC3AA3A7G7CAC7GCCCAGTCA7TT-CA73AGTG^A7A7T7CGA77C777C7A7.'7-7n.-^^^T-^ 

T77A7AAGA.A3A-A7CT3CA77737C7C373A3A3A.C.AAA=33733A333C7AC73A.A7.3ac.C7A.3..G7AAl3^ 
3-:77GCC.AC.A- i -7..::i :.-T~a t — 

CC7CA..C7733CACACA7G7GC7G7G3377A7G737.A3CCCAArA.G7AAA3A7AG7777A.^CAC7ACA7..GG... 

0G7rTCTTCA7GACCCCA.AG3^7GA7GCCCC73A7AGAGC77A7G373AAACGC7A7C7::CA7737G3CATC7GG.AAG 

ACAA.7 T 3 CA7 7CCr,G - - - u r. z: 1 .^^ ^ . „ , . 

J.-.l -oTv7C77CiGTTATTGCAC---r 
TG3CGGCG7A.A73A.C7CCACCATGA7GT7ATCGA3CATGA.A3G73G77A7CAG^Gr3ATA.A..^.~^.~-.3-CT^- 
— CACA33737^A7AA.77A.AC7AGG37.A3G7A.G77A.AC3AC3GAAAA73^C<:AAG.^ 
3. ....C7.A7A3A.AAACCACTT3C3--CC7^.77CA.ACCA3AG7GCCC7A7TA7C7AA.AGA7..AAC^XCA..C^^ 

3CGAG7A77 = ATG7.A3AACAA3GCCCG77GACACACA737G7A.AC7CC7AG7Ar7GGG-7CAGGGGCAGA 
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■:^A".v^::-::o:A-:;vv'"r-:^::A?77T^i.--T-:-A-:= 



3: 



-.■.:'.-.-Ar7 -7 -. :=-----.^:^.-.7.^^-a:'--::7-::a::7:;.-.:-. 
-CA:;.-.-7?AT-A.c::.-.3::A7G3G:o:-.-.o:7.^:::;::r7 



CT A.3CA 3 r AC7 3 - 77- 7.3 3 - 7A 3 77 3 77 7A7 7CA.A3 = 77 

- -"^ •-■ 7.-. 7 1'.-.-. 3 777-373377777- - — 

- ^ :-^---.3A73.-.CA.3A7AAC7C----- - ■ 



10 T.^CTTTTrrcCCrTTrTCTrTTT=TrA.A^CC.3rr7rAATTT^.^.^,,^,,,,,,,^^^ 



7A 




T 3.-.->_-. 7 . 3 3 A 3 7 7 7A - - " z.:-^ -r- . 

'337CA3.VJ.".::^ 77C.-.3CC~^ -TT-~~- - -"."^ 

... -T .......... .^^ , ----- - -^-CT7^^.3A.AA7-GA733;-CATCA,AA3 377-777 7 

20 '^■^~'^CT77ACACACACA--A.TACA7A7A?G-'^^.-'aT- T -^-v 

7^AATACATACAT-AA.-A7APATACATA7ACACA7A7ATACA7AC---..^nT^ 

11 i - -TT.-.o 1 C77C7GGC7A7 

3C7C7737CAC777CA7TAA33C7-7.AACTTCTTC7ATT-C— ^T-^.-, t 

. . --.v, . „„T., : .0 i --•C77TGCATG7777TTCCA3 

C.AA-.33777'7777TTA.-.A7r7C7G'77A7TC-Ti:.-- • t-t 

--i ^^-^-CCCCTGC7CTT77CTT7CT7TCTAG^.-:. 

3A7^_^3A7ACA7A77AC.AA-G77AC73TGGGACCA37T-^--.r--r..^.-,, 

• - - • 0777CT 3TT7AT 7CG3C7AGC7 

2^ "■^-•--'^^---"C777C7GGTGCT3TA7C77GGA77773G-^ 

- - o ._'_A^.-..,-'. : ^C: C-.ATGCTACCCAGC7C7GC.A^A.CC 

TTCAG7CTAGCC7C7GGTT7TCCA.AC7AGCACAG.-:"-----'r"7 

. , 777AGAAA.7CTCCTTCATT7T7TC7A 

' CTC..._ . J C'.-/-:C7CTAA.7G7CTTGGTCAAA.CGA7TACAA.GG.-A.G"-- - 

.-,C.-, . .-GT.-.T , ■--rTTTTGTTG.3AGACTCTAW.TCC-.3 = — 

AT~AT7--W.^.....TTCr-CA- = -77.-^^^ 

35 C...CT3T....7C.7.C:7..T..777...C.....7.7Cr......,,,,,,,,,,,,,^ 

AC7.C;c..3CC7..7..3a7ACC.3.3.7T.CT...733..3..7.C....7C.a.CCCA7...a...777^.C^^ 
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^:---^^A:-v::-"7r-r-.?.-.Gv-:;?"~ :c.V':^T:;:-::j.^ — n—r-: 

' * ' . --.i — V •„ , _ - " - ;7,-i 7 '•: - ; 

TT ::-T^^.....c.A"-T..T--.r-TAT ;:ta- ^^^^^ 

TTrAT:;TA~rTG.:.-A-.:;CGACAC.-.=.CCATTTTT.-:^.L\-TCAT-^ 

tt....:;acao::;3tt-ctct-gtag~cctc.^.t-c.t.......ct-.7ttc:t.c:..ca 

At-CArA7.3TZrA7TA.?.3.3ATTAGC7.3:TGTCTTr7an.3CTAC.^^ 

AT"C-CA77C-GGC"GATCAAGTCa^GT7Cr7G?GC-GA:--:TCCA-TTC- 

A3CTr..ATTA3rTCA7CC7G^CTCCr-<.C.cC7GTTC-TAC77A:A:-T~-"CCT7^CTC7^C.A.- 

CT:A.:eT.T.TGCCACAGTCCC7AA.CCACCTrTC=tA..ACA=CTA..ATAA7ACT7CCCTC.AA.CA.=c:.AA.C.Tr=T. 
15 --'-A^CArACrCTCTGGAGGTG7G7-C;ACACA7G777ATG-3T-aG--^C"7TACC-Arc;T^7:.:- 



sec^ence ID No. 18: Hun^ Beer Geno«^c Se<^ence (This ^ene has two exons , at 
positions 161-427 abd 3186-5219) . 

20 

tagaggagaa gtctttgggg agggttcgcr ctgagcacac ccccttccct ccctccgggg 60 
ctgagggaaa catgggacca gccccgcccc agccrgtcct cattggctgg catgaagcag 120 

25 agaggggctt taaaaaggcg accgtgtctc ggccggagac cagagcctgt gctaccggaa 180 
ggtggcgcgc cctcctctgg ctggtaccat gcagctccca ccggccctgt gtctcgtccg 240 
cctgctggta cacacagcct cccgcgtagt ggagggccag gggtggcagg cgttcaagaa 300 
tgatgccacg gaaatcatcc ccgagctcgg agagtacccc gagcctccac cggagctgga 360 
gaacaacaag accacgaacc gggcggagaa cggagggcgg cctccccacc accccctcga 420 

35 gaccaaaggt acggggtgga ggagagaacc cttagtaaaa gatcctgggg aggttttaga 480 
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aacctctct. cgggaggctt ggaagac.gg ggcagaccca gtgaagaccg ccggccccng 540 
ccagcactgg rcgaggaaca gtcc.gcccg gaggnggggg aagaanggct cgccggtgca 600 
5 gccttcaaa. tcaggtgcag aggcatgagg caacagacgc tggcgagagc ccagggcagg 660 
gaggacgctg gggtggcgag ggcanggcac cagggcatca gaacaggctc aggggctcag 720 

aaaagaaaag gtttcaaaga atctcctc-- aaaaRr^r ;:,rT r.^^ 

-^-uc gggaacatag gagccacgcc cagccgccgg 780 

taccaccggg aagggaacaa ggcaagggag cctcccatcc acagaacagc acctg.gggg 840 
caccggacac ccnatgctgg tggtggctg. ccccaccaca cagacccaca ccatggaa.c 900 
15 cccaggaggt gaacccccag cncgaagggg aagaaacagg ttccaggcac tcagtaactt 960 
ggtagtgaga agagctgagg tgcgaacc.g gtttgatcca actgcaagat agccctggtg 1020 
tgtggggggg ngcgggggac agatctccac aaagcagtgg ggaggaaggc cagagaggca 1080 
cccctgcagt g.gcattgcc cacggcctgc ccagggagct ggcacttgaa ggaatgggag 1140 
tttccggcac agctccagcc cctgacacgg gcgcagctga gtccaggccc tggaggggag 1200 
agcagcatcc tctgcgcagg agcagggaca tctgtcctca gcagccaccc cagtcccaac 1260 
cttgcctcat tccaggggag ggagaaggaa gaggaaccct gggttcctgg tcaggcctgc 1320 
acagagaagc ccaggtgaca gtgcgcatct: ggctctacaa ttggcaggaa tcctgaggcc 1380 
atgggggcgt ctgaaacgac acttcagact aagagctccc ctg.cccc.g gccattatcc 1440 
aggtggcaga gaagcccact gcccaggccc ctggacccca gccctccccg cctcacaacc 1500 
35 tgntgggact atggggtgcc aaaaagggca actgcatggg aggccagcca ggaccctccg 1560 



25 
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cccccaaaat ggaggacaag ggcgccrccc -c-ara- ^^^^ 

a d -^_av.a-,>_..u ^^cctccagg caagg-cagc 1520 

cgggccccag cgaccgcctg aaqqactcj'-a aaaa^. — 

y yggccg.a aggaa^c^ca acacaaaatg tccaccttgc 16S0 

5 cggaccccca cgagaggcca cagcccc.ga ggaagccaca tgctcaaaac aaagncatga 1740 
cctgcagagg aagtgcctgg cccaggggcg ccatccccga aaagccgcaa aa.gccccct ISOO 
tcccrgggca aacgcccccc tgaccacaca cacaccccag ccccgcagag gtgaggatgc 1860 
aaaccagccc acagaccaga aagcagcccc agacgatggc agtggccaca tcccccc.gc 1S20 
tgtgcttgcr crtcagagtg ggggcggggg gtggccttct ctgccccctc rccggttcgg 1980 
15 tctcaagact atttctcat. ctctcctgtc acaccggaac tatccccarg aaacctttgg 2040 
gggtggactg gtacncacac gacgaccagc tatctaaaaa gctcccaccc acccaagtcc 2100 
accataggag acacggtcaa ggcgtgtgca ggggatcagg ccaggcctcg gagcccaatc 2160 

tctgcctgcc cagggagtat caccatgagg cqcccart-r^ n^r^z>^ = 

y yy t^gcccar^ca gataacacag aacaagaaat 2220 

gtgcccagca gagagccagg tcaacgtttg tggcagctga acctgtaggc ttcgggtcag 2280 
25 agctcagggc ccctatggta ggaaagtaac gacagcaaaa agcagccc.c agccccatcc 2340 
cccagcccag cctcccatgg argcccgaac gcagagcctc cacncctgcc ggagccaaaa 2400 
ggtgccggga ccccagggaa gcggagcccg gagacgcagc ccagcctctt gggcaagcnc 2460 
ttttccctgg ctgggcctca gtattctcat tgataatgag ggggttggac acactgcctt 2520 
tgatcccctt caagtccaat gaattcccgt cccgaccacc cccccttcag tcccccgcct 2580 



20 



35 



ccacagcagc tgccctgact cattacccm aat-t-=>.c--- -^-^^^^^ 



ccccc 2640 
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gtccacccct cccaagtggc cggaaaaaga actraaaa-a ^rr— = 

^tja auLcggga^a aguv_agagcr aggcagaagg 2700 

tgcgctgagt actcaccctg cccaggccag ggaccctgcg gcacaagngc ggct.aaacc 2760 
5 ataagaagac cccagaagag aaatgataat aaeaacacac aacagccgac gctttcagcc 2320 
atatgtgcca aa.ggtattt tctgcattgc gtg.g.aatg gattaactcg caatgcttgg 2880 
ggcggcccac t.tgcagaca ggaagaagag agagg.taag gaacttgccc aagargacac 2940 
ctgcag.gag cgatggagcc c.ggtgct.g aaccccagca gtcatctggc .ccgagggga 3000 
cagggcgcgc aggagagccr tccaccagct ccagagcanc cgggaccttc ccgcaacaga 3060 
15 cgttcagggg caaaagcctc tggagacagg ct.ggcaaaa gcagggccgg ggtggagaga 3120 
gacgggccgg cccagggcag gggtggccag gcgggcggcc acccccacgc gcgcccctct 3180 
ccacagacgc gtccgagtac agctgccgcg agctgcactt cacccgctac gcgaccgatg 3240 
ggccgtgccg cagcgccaag ccggtcaccg agctggtgcg ccccggccag tgcggcccgg 3300 
cgcgcctgct gcccaacgcc a.cggccgcg gcaagcggtg gcgacctagt gggcccgact 3360 
25 tccgctgcat ccccgaccgc caccgcgcgc agcgcgtgca gctgctgtgt cccggtggtg 3420 
aggcgccgcg cgcgcgcaag gtgcgcctgg cggcctcgtg caagcgcaag cgccccaccc 3480 
gcctccacaa ccagccggag cccaaggacc ccgggaccga ggccgcncgg ccgcagaagg 3540 
gccggaagcc gcggccccgc gcccggagcg ccaaagccaa ccaggccgag ctggagaacg 3600 
cctaccagag cccgcccgcg ccccccccca ccggcgggcg ccccggccct gaacccgcgc 3660 



20 



35 cccacatttc rgtcctctgc gcgcggcrtg at.gttcata tctcattgca aa. 



gcctgca 3720 
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acccagggca gggggccgag acc.ccagg ccc.gaggaa .cccgggcgc cggcaaggcc 37SC 
cccctcagcc cgccagccga gggg.cccac ggggcagggg agggaar.ga gagtcacaga 3840 
5 cactgagcca cgcagccccg cctccggggc cgcctaccr. tgc.ggtccc act.cagagg 3900 
aggcagaaat ggaagcattt tcaccgccct ggggctttaa gggagcggcg rgggagcggg 3960 
aaagtccagg gactggtcaa gaaagtngga naagattccc ccctgcacct cgcrgcccat 4020 
cagaaagcct gaggcgcgcc cagagcacaa gactgggggc aactgragat gtggtrtcta 4080 
gtcccggctc tgccactaac ttgcrgtgca accttgaact acacaattct cccrcgggar 4140 
15 cccaatttcc actntgtaaa atgagggtgg aggtgggaat aggatctcga ggagactatt 4200 
ggcacatgat tccaaggact ccagtgcctr tcgaatgggc agaggtgaga gagagagaga 4260 
gaaagagaga gaatgaatgc agttgcattg attcagtgcc aaggtcacct ccagaattca 4320 
gagc.gtgat gctctctrct gacagccaaa gatgaaaaac aaacagaaaa aaaaaagtaa 4380 
agagtctatt tatggctgac acatttacgg ccgacaaact cctggaagaa gccatgctgc 4440 
25 ttcccagcct ggcctccccg gacgttngg. tacctccacc cctccatc.c aaagaaataa 4500 
catcatccat tggggtagaa aaggagaggg tccgagggtg gtgggaggga tagaaatcac 4560 
atccgcccca acttcccaaa gagcagcacc ccccccccga cccatagcca tgttttaaag 4620 
tcaccttccg aagagaagcg aaaggttcaa ggacaccggc cctgcaggcc cgagggagca 4680 
gccatcacaa acccacagac cagcacaccc cccttgagac accgccttct gcccaccact 4740 
35 cacggacaca tttctgccta gaaaacagct tc.actgct ctcacatgcg acggcatatc 4800 



20 
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ctacacnaaa agaacactat tgggggaaaa accacaagcg ccg.acacac gctgagaaac 4860 
tgcagagcac aatagctgcc acccaaaaac ccccrtgaaa accact.cca gacaacccct 4920 
5 tacnccccgt gcagctttna a.cgc.aaaa aaaaaaagct ttaaacagaa gcacacgaca 4980 
tatgaaagcc tgcaggaccg gtcg.ttttt tggcaa.ccc nccacgtggg acctgtccac 5040 
aagaatgaaa gcagcggttt ccaaagagtc aagn.acata ttcatct.cr cacccaagrt sioo 
attnatgcaa aagct.ctct tgtagagaac gacaa.gtta atattgcctt acgaa.taac 5160 
agtctgttct tccagagccc agagacatcg ccaacaaaga caatgaatca cgaccgaaag 5220 
gatgtggtct cactn.gtca accacacatg acg.catccc tgtcaaagtt gacacccttc 5280 
tccrggtcac tagagcccca acctnggaca caccc.ngac tgctctctgg nggcccttgt 5340 
ggcaattatg ccctcctttg aaaagncatg tt.accccct cc.ttccaaa cccagaccgc 5400 



20 

attccttcac ccagggcatg gtaataacct cagccttgta tccttcragc agccccccct 5460 
cca.gc.ggc ttccaaaatg ccgctcccat tgcaccactc ccccgcccaa aagccttcca 5520 
25 tagctccccc ttgcccagga tcaagcgcag ttcccccatc tgacatggga ggccc.ccct 5580 
gctcgactcc caccccccac tccaccaagc tecccactga ctccaaatgg ccatgcagat 5640 
ccctgcttcc ttagtccgcc atccacactt agcaccccca acaactaatc ccctttcttt 5700 
aggatccaca ttactcgtca tccctrcccc taacc.ccca gagatgctcc aatcccccat 5760 
gacccccctc tcccctgagg tcccagcccc .tt.g.ctac accaccactt tggcccccaa 5820 
35 ctctgttctc catctgacag tcactcacgg aggaccagcc tggccaagtc ctgcttagca 5880 
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ocggcataga caacacaaag "aag^acaa ctcaggacca gcccacacga aacrccaccc 554 0 
ccctcgaagc gtgga.tcga tgccccctgg gcagaaatgr aggatctcca aaagtgggcc 6000 
5 agccccccgc acttccctca aagtcccgcc tccccaaggt gtctcaa.ag cgctgga.gc 6060 
cagccgagtt agcatcttca gatgaagagt aaccccaaag ccactcttca gttgccc.aa 6120 
ggtgggacgg ccaactggaa agctttaaac caagtccragc ctacctcggg ggaacccacc 6130 



10 



cccacaaaga aagctgaggt ccctcctgac gacttgtcag cttaactacc aataacccac 62 



40 



ttgaactaat catcatcacc aagtctttga taggtgcgag tgggcatcag cggccggtcc 6300 
15 cttcctgggg ctccagcccc cgaggaggcc ccagtgagcc cctgcagaaa atccatgcat 6360 
catgagrgtc tcagggccca gaatacgaga gcaggtagga aacagagaca tcccccatcc 6420 
ccgagaggca gtgcggtcca gtgggtgggg acacgggctc tgggtcaggt ttgtgtcgcc 6480 
tgtttgtttg ttttgagaca gagtctcgct ctattgccca ggctggagcg cagcgtcaca 6540 
atcccggctt actgcaactt ctgccctccc ggattcaagt gattctcctg ccccagcccc 6600 
25 cagagcagct gggattacag gtgcgtgcca ccacgcotgg ctaatttttg ca.ttccgat 6660 
agagacgggg tttcaccatg ttggccaggc tagtctcgaa ctctcgacct caagcgatct 6720 
gcctgcctcg gcctcccaaa gtgctgggat racaggcgtg agccaccaca cccagcccca 6780 
ggttggtgct tgaatctgag gagactgaag caccaagggg ttaaatgttt cgcccacagc 6840 
catacctggg ctcagtncct cgccctaccc ctcacttgag ctgcttagaa cccggcgggc 6900 



y^y ^aci ua^c^^g^t-^ a^-ciuu.gL.cct gcaccaagtg ttacgggaat 



ccaagatagg 6960 
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agcaattcgc nctgnggagg ggatgaggga cagtggttag ggaaagctcc acaaagtggg 7020 
tgctgc.nag aga.ntncca ggcggagaag ggggcctcta ggcagaaggc acagcccaag 70S0 
5 caaagacgc aagtgcatgg ctgcncatgg gcagaagaga atccaccac. cctcaaca.g 714 0 
taccgagtcc trgccacgtg caaggcaaca rgggggnacc aggaattcca agcaatgccc 7200 
aaacccaggg tcngcttcct gggacctgaa ga.acaggat ggatcagccc aggcngcaar 7260 

cccattacca cgagggggaa aaaaacccaa aggctaaarr arac^^^r^^^ 

ayyuLdaacL gtaggtcggg ttagaggtta 7320 

ttcatggaaa gtcatattct acctacatgg qqtctara^^a r-nrr.^^ 

yy gg^cnanaag cctggcgcca arcagaaaag 7380 

J5 gaacaaacaa cagacccagc tgggaggqqc aaoa-rrrm- 

yyyciyygg^ agca.tttgt tgtagggggc ggggcacatg 744 0 

ttctgggggt acagccagac tcaqqactta ^ar^^^t-^r.^ 

ctyggcccg tattaatagt ctgagagtaa gacagacaga 7500 

gggatagaag gaaataggtc cctttctctc cccc.ctccc tccctctccc ac.ctctctc 7560 
tctc.cacac acacacacag acacacacac acgccccgta ggggtctact catgctccaa 7620 
gcacaaatca ggccacatct acacaaggag gcaaaggaaa agaacgctgg aggagccaca 7680 
25 ggaccccaaa actccccgtt ctccttgaat caggcaggac tcacgcagcc gggaggg.gg 7740 
agagcctgca gaagccacct gcgagtaagc caagttcaga g.cacagaca ccaaaagccg 7800 
gtgccatgtc ccacacccgc ccacctccca cccgctcctt gacacagccc tgtgctccac 7860 
aacccggctc ccagatcatt gattatagct ctggggcctg caccgtcctc cctgccacat 7920 

ccccacccca ttcttggaac ctgccctctg tctcctccct mmr-.. 

y Lt-cccccccc tgcccaaggg caggcaaggg 7980 

35 ctcagctatt aaqr-ao'-'-'-f = 

.gg-ag__ ga.caa.agc tgaggctcct tttgtggctg gagatgcagg 8040 
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aggcagggga arattcctcc tagtcaatgc gaccatgcgc rcqgnctc 



ncgrrtacac ccgtaggcca ag-gtaatta tcaacagc-c ccacttccc 



^^^zzzgcz caggg-ggi:: SlCC 

iccac cctaaaaaat 3160 

^ gacccaatrc gggcagtaaa tzacarggta cccatacr^- r^^^^^^- 

yd-^ ^v-^acg^ca. tcagagcngc aactrgctgg 5220 

gcgcggtggc ccacacc.gc aa.cccag.a cttcgggacg ccaaggcggg tgga.cacc. 8280 
9agg.cacga gccagagacc ggcccggcca gcacggcaaa acccca.c.t naccaaaaac 8340 
acaaaaatta gcaaggcatg gtggcatgca cctgcaatcc cagg.actcg ggaggc.gag 8.00 
acaggagaa. ggc.tgaacc caggaggcag aggccgcagt gagccaaga. tgrgccaccg 8460 
•-^ ccccccagcc ctggcaacag agcaagactt catctcaaaa gaaaaaggat ac.gccaanc 8520 
ac.gcaggaa gaacccaggt aatgaatgag gagaagagag gggctgagtc accatagtgg 8580 
cagcaccgac tcccgcagga aaggcgagac ac.gggtcat gggcactgaa ggg.gc.ctg 8640 
aacgacgttc tgcc.cagag accgaacc.g agccctgaaa gtgcacgcct gcccatggg. 8700 
gagagactaa atccatcatt ccttc 



20 



:ggcagg taccgaatcc tttctcacgg ccgccctcca 8760 



25 



acgcccaatc tccctacaat tgtccggggt gcctaagctt 



aagctt ccgcccacca agagggccag 8820 
agccggcagc gagcagcrgc aggtaggaga gataggtacc cataagggag gcgggaaaga 8880 
gaga.ggaag gagaggggcg cagagcacac accccccctg cccgacaacc tcctgagggc 8 94 0 
tggtcatgcc agcagactta aggcggaggc aggggagatg gggcgggaga ggaagcgaaa 9000 
aaggagaggg cggggacgga gaggaagaga gggtgatcat tcatccattc cattgctact 9060 
35 gacnggacgc cagctgcgag ccaggcacca ccctagcrct gggcatgcgg rcgtaacctt 9120 
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ggagccncac ggagcncaca gggagngcng gcaaggaca. gga.aatgga cggacaacaa 5180 
ataaacaztt agcacaacgc ccgggaacgg aaagctctcg aaagaaaaa. aaagctggtg 9240 
5 agcatataga cagccccgaa ggcggccagg ccaggcatct ctgaggaggt ggca.ttgag 9300 



9301 



«> From the foregoing, i, will be appreciated ,ha.. alihouah specific 

embod,n,e„,s of .he invention l,ave been described herein for purposes of nius,rat,on 

various modifications may be made without w<.,,;,t;„,. t.. . . ' 

— iiuui iiic spini ana scope ot the 

mvention. Accordingly, the invention is not limited except as by the appended claims. 
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CLAIMS 

We claim; 



consisting of 

5 



1. An isolated nucleic acid molecule selected from the uroup 



^ (a) an isolated nucleic acid molecule comprising sequence ID Nos., 
1, 5, 9, II, 13, or, 15, or complementar>' sequence thereof; 

(b) an isolated nucleic acid molecule that specifically hvbridizes to 
the nucleic acid molecule of (a) under conditions of high stringency; and 

(c) an isolated nucleic acid that encodes a TGF-beta bindin-protein 
10 according to (a) or (b). 

2. The isolated nucleic acid molecule accordinsi to claim 1 wherein 
saul nucleic acid molecule encodes a protein comprising the protein of Sequence ID 



, . 3. The isolated nucleic acid molecule according to claim 1 wherein 

1. sa-d nucle.c acid molecule encodes a protein comprising the protein of Sequence ID 

NO. 6. 



4. The isolated nucleic acid molecule according to claim 1 wherein 
saul nucleic acid molecule encodes a protein compr.smg the protein of Sequence ID 

^ "^^^ acid molecule according to claim I wherein 

saul nucleic acid molecule encodes a protein comprising the protein of Sequence ID 



6. The isolated nucleic acid molecule according to claim I wherein 
saKi nucleic acid molecule encodes a protein comprising the protein of Sequence ID 

2:) NO. 14. 



7. The isolated nucleic acid molecule according to claim I wherein 
said nucleic acid molecule encodes a protein comprising the protein of Sequence ID 

NO. 16. 
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8. An expression vector, comprising a promoter operablv linked to 
a nucleic acid molecule according to any one of claims I to 7 

9. The expression vector according to claim S wherein said 
promoter .s selected from the group consisting of CMV I-E promoter SV40 earlv 
promoter and MuLV LTR. 

10. The expression vector according to claim 8 wherein said 
promoter is a tissue-specific promoter. 

11. A method of producing a TGF-beta binding protein, comprising 
culturmg a cell which contains a vector accordln,, rn ri^i 

W time sufficient to produce said protein. 



i» ijiaini 8 uiider conditions and for a 



15 



12. The method according to claim 1 K funher comprising the step of 
puntymg said protein. 

13. A viral vector capable of directing the expression of a nucleic 
acid molecule according to any one of claims 1 to 7. 

14. The viral vector according to claim 13 wherein said vector is 
selected from the group consisting of herpes simplex viral vectors, adenoviral vectors 
adenovirus-associated viral vectors and retroviral vectors. 



14. 



1 5. A host cell carrying a vector according to any one of claims 8 to 



20 



16. The host cell according to claim 15 wherein said cell is selected 
from the group consisting of a human cell, dog cell, monkey cell, rat cell and mouse 



cell. 



25 



17. An isolated protein, comprising a TGF-beta bindin-proiein 
encoded by the nucleic acid molecule according to any one of claims 1 to 7. 

1 8. An amibody which specifically binds to the protein according to 
claim 17. * 
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19. The antibody according to claim 18 wherein said antibody is a 
monoclonal antibody. 

20 The antibody according to claim 19 wherein said monoclonal 
antibody is a murine or human antibody. 

21. The antibody according to claim 18 wherein said antibody is 
selected from the group consisting of F(ab'),, F(ab),. Fab\ Fab, and Fv. 



A hybridoma which produces an antibody according to claim 19. 



23. A fij.linn nrntdin r>/->m _ c: „.i .• . 

, — , — , wvy...p. .JM15 a 11151 poiypepiiae seument 
comprising a TGF-beta binding-protein encoded by the nucleic acid molecule 
10 according to any one of claims 1 to 7, or a ponion thereof of at least 10 amino acids in 
length, and a second polypeptide segment comprising a non-TGF-beta binding-protein. 

24. The fusion protein according to claim 23 wherein said first 
polypeptide segment is at least 20 amino acids in length. 

25. The fusion protein according to claim 23 wherein said first 
15 polypeptide segment is at least 50 amino acids in length. 

26. The fusion protein according to claim 23 wherein said second 
polypeptide comprises multiple anionic amino acid residues. 

27. An isolated oligonucleotide which hybridizes to a nucleic acid 
molecule according to Sequence ID NOs. 1, 3. 5. 7. 9, 11,13, or 15, or the complement 

20 thereto, under conditions of high stringency. 

28. The isolated oligonucleotide according to claim 27 wherein said 
oligonucleotide is at least 20 nucleotides in length 

29. The isolated oligonucleotide according to claim 27 wherein said 
oligonucleotide is at least 30 nucleotides in length. 



25 



30. The isolated oligonucleotide according to claim 27 wherein said 
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oligonucleotide is at least 50 nucleotides in length. 

31. The isolated oligonucleotide according to claim 27 wherein said 
oligonucleotide is between 50 to 100 nucleotides in length. 

32. A pair of primers which specifically amplifies all or a ponion of 
5 a nucleic acid molecule according to any one of claims 1 to 7. 

33. A ribozyme which cleaves RNA encoding a protein according to 

claim 17. 



34. The rihnyvmp 

^ — -ww^.v*...^ «-iaiiii J J vvnerein said protein 

comprises the protein of Sequence ID NO. 2. 

1" 35. The ribozyme according to claim 33 wherein said protein 

comprises the protein of Sequence ID NO. 6. 

36. The ribozyme according to claim 33 wherein said RNA encodes 
a protein comprising the protein of Sequence ID NO. 10 

37. The ribozyme according to claim 33 wherein said RNA encodes 
13 a protein comprising the protein of Sequence ID NO. 1 2. 

38. The ribozyme according to claim 33 wherein said RNA encodes 
a protein comprising the protein of Sequence ID NO. 14 

39 The ribozyme according to claim 33 wherein said RNA encodes 
a protein comprising the protein of Sequence ID NO. 16. 



20 



40. The ribozyme according to claim 33 wherein said ribozyme is 
composed of ribonucleic acids. 

41. The ribozyme according to claim 40 wherein one or more of said 
ribonucleic acids are 2'-0-methyl ribonucleic acids. 

42. The ribozyme according to claim 33 wherein said ribozyme is 
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composed of a mixture of deoxyribonucleic acids and ribonucleic acids. 

43. The ribozyme according to claim 33 wherein said ribozvme is 
composed of nucleic acids having phosphothioate linkages. 

44. A nucleic acid molecule comprising a nucleic acid sequence 
5 which encodes a ribozyme according to claim 33. 

45. The nucleic acid molecule of claim 44. wherein the nucleic acid 
is DNA or cDNA. 

46 The nucleic aclH mnlprnU <-.f ^]^;,^ aa i i 

— wiuiui -r-t, uuuci me control oi a 

promoter to transcribe the nucleic acid. 

"^"^ A host cell comprising the ribozyme of claim 33. 

48. A vector, comprising the nucleic acid molecule of claim 44. 

49. The vector of claim 54, wherein the vector is a plasmid, a virus, 
retrotransposon or a cosmid. 

50. The vector of claim 49 wherein said virus is selected from the 
15 group consisting of retroviruses, adenoviruses, and adeno-associated viruses. 

51. A host cell containing the vector according to any one of claims 

48 to 50. 

52. The host cell according to claim 51 wherein said host cell is 
stably transformed with said vector. 

"^^^ cell according to claim 51 wherein the host cell is a 

human cell. 

54. A method for producing a ribozyme, comprising providing DNA 
encoding the ribozyme according to claim 33 under the transcriptional control of a 
promoter, and transcribing the DNA to produce the ribozyme. 
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vitro. 



55. The method of claim 54 wherein the ribozvme is 



produced in 



ribozyme. 



56. The method of claim 54, funher comprising purifying the 



■ , . . ^ '""^^^ increasing bone mineralization, comprising 

ntroducng mto a warm-blooded animal an effective amount of the ribozyme accord^: 



to any one of claims 33 to 4 



A method of increasing bone mineralization, comprising. 

mtroducmg mto a patient an effective amount of th. n...i.;. . . /. = 

,,, , J- a*-'^ iiiuiecuie ot Claim 44 

i;:: ^^^^ --'^^^ -'--^ - p-^-e a 

according to anyone o^fclr" TT''''' ^'^^^^^^ 
diiuem ' Pharmaceutically acceptable carrier or 

^. , ^ P^'' °^ P"'"^'"^ '^^P^ble of specifically amplifyino all or a 

port-on of a nucleic acid molecule according to any one claims 1 to 7. 

TGF bet. h ^ "^'''""^ ' "'^^^ '"^'^'^"'^ -hich encodes a 

TGF be a bmdmg prote.n, comprising incubatmg an oligonucleot.de according to any 

is labeled. "^'^ '° " ^^''^ oligonucleotide 



63. The method according to claim 61 wherein said oligonucleotide 
IS bound to a solid support. oligonucleotide 

" ■ K • ^ "method for detecting a TGF-beta binding protein comprisino 

Ta reVur'"' according to any one of claims IS to 21 iL condZs d' 
a time sufficient to permit said antibody to bind to a TGF-beta binding protein, and 
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detecting said binding 



65. The method according to claim 64 wherein said antibody is 
bound to a solid support. 

66. The method according to claim 64 wherein said antibody is 

5 labeled. ^ 

, , , , . "^^^ "^^'^"^ according to claim 66 wherein said antibody is 

labeled w.th a marker selected from the group consisting of enzymes, fluorescent 

proteins, and radioisotopes. 

68. A transgenic animal whose germ cells and somatic cells contain a 

H. nucle,c acd molecule encodmg a TGF-beta binding-protein according to claim 1 which 
.s operably linked to a promoter effective for the expression of sa.^d uene said »ene 
bemg mtroduced into said animal, or an ancestor of said animal, at an embryonic sta^e 
with the proviso that said animal is not a human. 

69. The transgenic animal according to claim 68 wherein TGF-beta 

I. bmdmg-protein is expressed from a vector according to any one of claims 8 to 10. 

70 A transgenic knockout animal, comprising an animal whose 
germ cells and somafc cells comprise a disruption of at least one allele of an 
endogenous nucleic acid molecule which hybridizes to the nucleic acid molecule 
accordmg to claim 1, wherein said disruption prevents transcription of messenger RNA 
from sa,d allele as compared to an animal without said disruption, with the proviso that 
said animal is not a human. 

^' "^^^ transgenic animal according to claim 70 wherein said 
disruption is a nucleic acid deletion, substitution, or, insertion, 

72. The transgenic animal according to claim 68 or 70 wherein the 
2:. animal is selected from the group consisting of a mouse, a rat and a doo. 
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73. A method for determining whether a candidate molecule i. 
capable of mcreasmg bone mineral content, comprising. 

(a) mixing one or more candidate molecules with TGF-beta-bindin- 
protem encoded by the nucleic acid molecule according to any one of claims I to 7 and 
a selected member of the TGF-beta family of proteins; 

(b) determining whether the candidate molecule alters the si^nalin- 
of the TGF-beta family member, or alters the binding of the TGF-beta bindin«-"protem 
to the TGF-beta family member. 

, ^ , , ''^ "^^^ according to claim 73 wherein said member of the 

10 1 (jh-beta family of proteins is BMP6. 

75. A method for determining whether a candidate molecule is 
capable of mcreasmg bone mineral content, comprismg: determining whether a 
candidate molecule inhibits the binding of TGF-beta binding-protem to bone or an 
analogue thereof. 

. , , "^^^ according to claim 75 wherein said analogue of bone 

IS nydroxyapatite. 

77. A kit for detection of TGF-beta binding-protein eene expression 
compnsmg a contamer that comprises a nucleic acid molecule, wherdn said nucleic 
acd molecule is selected from the group consistmg of (a) a nucleic acid molecule 
comprismg the nucleotide sequence of SEQ ID NO: 1, 5 7 9 li 13 or 15 (b) a 
nucleic acid molecule comprising the complement of the nucleotide sequence of (a) (c) 
a nucleic acid molecule that is a fragment of (a) or (b) of at least 20 nucleotides in 
length. 

. . ^ "^'^ fo"" detection of TGF-beta binding-protein 

comprising a container that comprises an antibody according to any one of claims 18 to 



20 



25 



. ^" antisense oligonucleotide, comprisin" a 

nucleic acd molecule which hybridizes to a nucleic acid molecule according to 
Sequence ID NOs. K 3, 5, 7, 9, 11,13, or 15, or the complement thereto, and wherein 
.0 said oligonucleotide mhibits the expression of TGF-beta binding protein according to 
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claim 17. 



. . "f"^^ oligonucleotide accordin£i to claim 79 

wherem said oligonucleotide is 1 5 nucleotides in length. 

, . '^^^ oligonucleotide accordinu to claim 79 

3 ^^ herein said oligonucleotide is 20 nucleotides in lenath 



"^he oligonucleotide according 
wherein said oligonucleotide is 50 nucleotides in length. 



to claim 79 



, . . , oligonucleotide according to claim 79 

Wherem sa,d olisonucleo.ide is comprised of one or „,ore nucleic acd analogs. 

84 Tu 1- 

, . '"^ oligonucleotide according to claim 79 

wherein said oligonucleotide is comprised of one or more ribonucle.c'acids 

... oligonucleotide according to claim 79 

where,n sa,d ol,,on„cleo,ide is comprised of one or .ore deoxyr,bon:cle,c a^ldl 

oligonucleotide according to claim 79 

" --p-= .ore ;od,f,ed ::a,e„: 



20 



87 

. . oligonucleotide according to claim 86 

t '-^^-"^ " " '^^ ^-"P consistl of 

Ph p oro,h,oa,e l,„,age, a phosphornes.er li„,a,e, a „,e,hy, phosphona.e linC 

cha,n he,=roa,om,c mtersugar Hnlcage and a heterocyclic in.ersugar linkage 
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Common Cysteine Backbone 



' 50 
human-g'-einlin.Dro 



numoP -Cerberus. pro MHLLLFOLLV LLFLGK'TRh OXRONQSSl Si'V'LL.^RNGR ELPTGNHEE^ 

huirian-dan.oro ■ 

huiiian-beer.p-o 



=^ 100 

r,u:nan-greinlin.Dro SRTAYTVGAl LLLLGTLLPA AE6KKK6S0G 

numan-cerberus.pro EEKPDLFVAV PHLVAT.SPA GEGQRQREKK L SRFG.RFWKK PE.REMHPSRD 

.hunian-dan.pro 

hunan-beer.pro mq^pla lCLVCLLVHJ 

If'i 150 
huT,an-grein]in.pro AI.PPPDKAQ HNDSEOTQSP QQPGSRNRGR GOGRGTAMPG EEVLESSOEA 
human-cerberus.pro SDSEPFFFGT QSLIOPID.G MKMEKSPLRE EAKKFWHHFM FRKTPASQGV 

human-dan. pro MLRVLVGAVL PAMLLAAPPP 

human-beer. pro AFRVVEGOGW OAFKNDATEI IPELGEYPEP PPELENNKTM NRAENGGRPP 

i i M 200 

human-gremnn.pro LHVTERKYLK RDWCKTOPLK QTIHEEGCNS RTIINRF.CY GQCNSFYIPR 
human-cerberus.pro ILPIKSHEVH WETCRTVPFS CTITHEGCEK VVVQNNL.CF GKCGSVHFP 
human-dan.pro INKLALFPDK SAwCEAKNIT QIVGHSGCEA K5I0NRA.CL GQCFSYSVPN 
human-beer. pro HHFFETKDVS EYSCRELHFT RYVTDGPCRS AKPVTELVCS GOCGPARLL? 

201 f I 250 

human-crein:in.pro HIRKEEGSFQ SCSF...CKP KKFHMMVTL NCPELQPPTK K.KRVTRVKQ 
human-cerberus .pro . . GAAQHSHT SCSH ... CLP AKEHMHIPL K'CTELSSVIK V . . . VMLVEE 
human-Gan.pro TFPQSTESLV HCDS...CMP AOSMwEIVTL ECPGHEEVPR VDKLVEKILH 
human-beer. pro NAIGRGKWWR PSGPDFRCIP DRYRAORVO. LCP66EAPRA RKVRLVAS.. 

300 

huii!an-grem]1n.pro CRC.ISIDLD 

human-cerberus.pro COCKVKTEHE DGHILHAGSG DSFIPGVSA 

human-dan.pro CSC0AC6KEP SHEGLSVYVQ GEDGPGSOPG THPKPHPHPH PGGQTPEPED 
human-beer-.pro CKCKRLTRFH NOSELKDFG^ EAARPQKGRK PRPRARSAKA NQAELENAY- 

30i 314 

r.uman-g.''em;in.p'"c 

numan- Cerberus. pro 

human-dan.pro PPGAPHTEEE GAED ■ IP' 1 

numan-beer.oro -^^^ 
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Human Beer Gene Expression by RT-PCR 



BEER 




ND 




Fig. 2 
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BEER Protein 
(75 ng/lane) 



Anti 
Beer 



Anti 
Dan 



Anti 
Gremlin 



o 

CD CD 

CD CD O 

LO — — 



CD CD O 

CD CD CD 

CD O CD 

to ^ LO 



50 kD 
34 kD 
28 kD 



Fig. 4 A 



20 kD 



Gremlin Protein 
(75 ng/lane) 



Fig. 4B 



34 kD 
28 kD 

20 kD 



Anti 
Gremlin 



CD 

LO 



CD 
CD 
CD 

CD 



Anti 
Beer 



CD CD 

CD CD 

CD O 

— - LO 



Anti 
Dan 



CD CD 

CD CD 

CD CD 

— LO 



Don Protein 
(75 ng/lane) 



Anti 
Dan 



CD 
CD 



LO — 



Anti 
Beer 



CD CD 
CD CD 



lO 



Anti 
Gremlion 



O CD 

CD O 

CD CD 

-r- LO 



34 kD 



28 kD — 



Fig. 4C 



■■0 
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CD 

a> 

E 
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?i 
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o 
"5 
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t 
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BMP-5/Beer Dissociation Constant Characterization 
.75 1.5 7.5 15 30 60 120 nM BMP-5 




*Anti-FLAG immunoprecipitation 
*Anti-BMP-5 western blot 



Ionic Disruption of BMP-5/Beer Binding 



NaCi(mM) 500 
Beer + 
BMP-5 + 



150 150 ^ E o 

+ — ^ crt c 

S o 
+ +00^0 



*Anti-FLAG immunoprecipitation 
*Anti-BMP-5 western blot 
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SEQUENCE LISTIN'G 

<110> Brunkow, Kary E. 
Galas, David J. 
Kovacevich, Brian 
Mulligan, John T. 
Paeper, Bryan W. 
Van Ness, Jeffrey 
Winkler, David G. 



<12 0> COMPOSITIONS AND METHODS FOR INCREASING 
BONE MINERALIZATION 

15 

<130> 240083.508 
<14 0> US 

<141> 1999-11-24 

20 

<ieo> 41 

<170> FastSEQ for Windows Version 3.0 

25 <210> 1 

<211> 2301 

<212> DNA 

<213> Homo sapien 

30 <400> 1 



35 



agagcccgtg 


cractggaag 


gcggcgtgcc 


cccctccggc 


tggtaccatg 


cagctcccac 


60 


tggccctgcg 


ccccgtctgc 


ccgcrggtac 


acacagcctt 


ccgtgtagtg 


gagggccagg 


120 


ggtggcaggc 


gttcaagaat 


gatgccacgg 


aaatcatccc 


cgagctcgga 


gagtaccccg 


180 


agcctccacc 


ggagctggag 


aacaacaaga 


ccacgaaccg 


ggcggagaac 


ggagggcggc 


240 


ctccccacca 


cccctttgag 


accaaagacg 


cgtccgagta 


cagc-gccgc 


gagctgcact 


300 


tcacccgcta 


cgcgaccgat 


gggccgcgcc 


gcagcgccaa 


gccggtcacc 


gagcuggcgc 


360 
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gczccggcca grgcggcccg gcgcgcczgc zgcccaacgc catcggccgc ggcaagtiggt 420 

ggcgaccrag cgggcccgac zzccgcngza rccccgaccg cnaccgcg-g cagcgcgzgc 4 SO 

agcugctgrg tcccggnggt: gaggcgccgc gcgcgcgcaa ggtgcgcctg gzggcczcgt 540 

gcaagcgcaa gcgcctcacc cgcttccaca accagtcgga gcrcaaggac ctcgggaccg 6 00 

5 aggccgctcg gccgcagaag ggccggaagc cgcggccccg cgcccggagc gccaaagcca 660 

accaggccga gccggagaac gcctacnaga gcccgzccgc gcccczzccc accggcgggc 720 

gccccggccc tgaacccgcg ccccacattr ccgccctctg cgcgtggrrc gattgtt: tan 780 

atttcarcgt aaacgcctgc aacccagggc agggggctga gaccctccag gccccgagga 840 

atcccgggcg ccggcaaggc ccccczcagc ccgccagczg aggggtccca cggggcaggg 900 

10 gagggaautg agag^icacag acactgagcc acgcagcccc gcctctgggg ccgcctacct 960 

ttgcLggccc cacctcagag gaggcagaaa tggaagcatt zzcaccgccc cggggtrtta 1020 

agggagcggt gtgggagtgg gaaagcccag ggaccggtta agaaagttgg ataagactcc 1080 

cccttgcacc tcgctgccca tcagaaagcc tgaggcgtgc ccagagcaca agacnggggg ii4 0 

caaccgcaga tgcggtttct agtcc-ggct ctgccactaa cctgcrgtgt aaccLtgaac 1200 

15 tacacaattc tccttcggga cctcaattcc cactrtgtaa aatgagggrg gaggtgggaa 1260 

taggatctcg aggagactar tggcatatga ttccaaggac tccagtgcct tctgaatggg 1320 

cagaggtgag agagagagag agaaagagag agaatgaatg cagttgcatt gattcagcgc 1380 

caaggtcact tccagaatcc agagttgcga tgctctcctc tgacagccaa agatgaaaaa 1440 

caaacagaaa aaaaaaagta aagagcctat ttarggctga cacatLtacg gctgacaaac 1500 

20 tcctggaaga agctacgctg cctcccagcc tggcrrcccc ggatgctrgg ctacctccac 1560 

ccctccatct caaagaaata acaucaccca tcggggtaga aaaggagagg gcccgagggt 1620 

ggrgggaggg atagaaatca catccgcccc aactccccaa agagcagcat ccctcccccg 1680 

acccacagcc atgtrttaaa gtcaccttcc gaagagaagn gaaaggttca aggacactgg 1740 

ccctgcaggc ccgagggagc agccazcaca aactcacaga ccagcacatc cctttrgaga 1800 

25 caccgcctcc tgcccaccac tcacggacac atttctgccc agaaaacagc ttcttactgc 1860 

tcntacaugt gatggcatat cctacactaa aagaatatta ttgggggaaa aactacaagt 1920 

gccgcacata tgctgagaaa crgcagagca taacagctgc cacccaaaaa tctctttgaa 1980 

aatcattrcc agacaacctc ttactttctg tgtagctcct aactgctaaa aaaaaaaagt 2040 

ttcaaacaga agcacatgac atatgaaagc ctgcaggact ggtcgctttc ttggcaatcc 2100 

30 ttccacgngg gacctgccca caagaatgaa ag-agtggtt tttaaagagt taagtcacat 2160 

atctattttc tcactraag- tattcatgca aaagtttttc tcgnagagaa tgacaatgtt 2220 

aatattgctt tacgaattaa cagtccgtrc ttccagagtc cagagacatc gttaacaaag 2280 

acaacgaatc argaccgaaa g 2301 

35 <210> 2 

<211> 213 
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c212> ?RT 

<213> Homo sapien 

<400> 2 

5 Mec Gin Leu Pro Leu Ala Leu Cys Leu Val Cys Leu Leu Val His Thr 
1-5 .0 15 

Ala Phe Arg Val Val Giu Gly Gin Gly Trp Gin Ala Phe Lys Asn Asp 

20 25 30 

Ala Thr Glu lie He Pro Glu Leu Gly Glu Tyr Pro Glu Pro Pro Pro 
•<» 35 40 45 

Glu Leu Glu Asn Asn Lys Thr Met Asn Arg Ala Glu Asn Gly Gly Arg 

50 55 60 

Pro Pro His His Pro Phe Glu Thr Lys Asp Val Ser Giu Tyr Ser Cys 
^5 70 75 80 

15 Arg Glu Leu Kis Phe Thr Arg Tyr Val Thr Asp Gly Pro Cys Arg Ser 

85 90 95 

Ala Lys Pro Val Thr Glu Leu Val Cys Ser Gly Gin Cys Gly Pro Ala 

100 105 110 

Arg Leu Leu Pro Asn Ala He Gly Arg Gly Lys Trp Trp Arg Pro Ser 
2« 120 125 

Gly Pro Asp Phe Arg Cys He Pro Asp Arg Tyr Arg Ala Gin Arg Val 
130 135 

Gin Leu Leu Cys Pro Gly Gly Glu Ala Pro Arg Ala Arg Lys Val Arg 

150 155 160 

25 Leu Val Ala Ser Cys Lys Cys Lys Arg Leu Thr Arg Phe His Asn Gin 

165 170 175 

Ser Glu Leu Lys Asp Phe Gly Thr Glu Ala Ala Arg Pro Gin Lys Gly 

180 185 190 

Arg Lys Pro Arg Pro Arg Ala Arg Ser Ala Lys Ala Asn Gin Ala Glu 

155 200 205 

Leu Glu Asn Ala Tyr 
210 

<210> 3 
35 <211> 2301 

<212> DKA 
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<213> Homo sapien 
<400> 3 

agagcctgcg ctiac-ggaag gtggcgtgcc ctccrccggc tggcaccatg cagczcccac 50 

5 nggccctgug zczcgzczgc ctgctggcac acacagcctit ccgtgtagcg gagggctagg 120 

ggtggcaggc gzccaagaat gatgccacgg aaatcarccc cgagctcgga gagraccccg 18C 

agcc-ccacc ggagctggag aacaacaaga cratgaaccg ggcggagaac ggagggcggc 24 0 

ctccccacca ccccc ttgag accaaagacg rgtccgagta cagcrgccgc gagctgcac- 3 00 

tcacccgcta cgtgaccgat gggccgtgcc gcagcgccaa gccggtcacc gagccggcgc 360 

10 gccccggcca gcgcggcccg gcgcgcctgc tgcccaacgc catcggccgc ggcaagtggr 420 

ggcgaccrag cgggcccgac ccccgctgca tccccgaccg ctaccgcgcg cagcgcgtgc 4 SO 

agctgctgtg tcccggtggt: gaggcgccgc gcgcgcgcaa ggcgcgcccg gtggcctcgc 54 0 

gcaagtgcaa gcgccccacc cgctnccaca accagtcgga gcrcaaggac ttcgggaccg 600 

aggccgcccg gccgcagaag ggccggaagc cgcggccccg cgcccggagc gccaaagcca 660 

15 accaggccga gcrggagaac gcctactaga gcccgcccgc gcccctcccc accggcgggc 720 

gccccggccc rgaacccgcg ccccacattt ctgtcctcrg cgcgtggttt gattgtictat 780 

atttcattgt aaatgccrgc aacccagggc agggggctga gaccttccag gccctgagga 840 

arcccgggcg ccggcaaggc ccccctcagc ccgccagctg aggggtccca cggggcaggg 900 

gagggaattg agagtcacag acacrgagcc acgcagcccc gcctctgggg ccgcctacct 960 

20 trgctggccc cacttcagag gaggcagaaa tggaagcant ttcaccgccc tggggtttta 1020 

agggagcggt grgggagtgg gaaagcccag ggactggtta agaaagttgg ataagattcc 1080 

cccLtgcacc rcgctgccca tcagaaagcc tgaggcgtgc ccagagcaca agacrggggg ii40 

caactgtaga tgtggtttcc agrcctggct ccgccactaa cttgctgtgt aaccctgaac 1200 

tacacaattc tcrttcggga cctcaatttc cactttgcaa aatgagggtg gaggtgggaa 1260 

25 taggatctcg aggagactat tggcatatga ttccaaggac tccagtgcct tttgaatggg 1320 

cagaggtgag agagagagag agaaagagag agaatgaatg cagttgcact gattcagtgc 1380 

caaggtcact tccagaatcc agagtcgtga tgccctcttc tgacagccaa agatgaaaaa 1440 

caaacagaaa aaaaaaagta aagagtctat ctatggccga catatttacg gccgacaaac 1500 

tccrggaaga agcratgctg czzcccagcc tggcctcccc ggatgctcgg ccacctccac 1560 

30 ccctccatcn caaagaaata acatcatcca ttggggcaga aaaggagagg gnccgagggt 1620 

ggtgggaggg acagaaatca catccgcccc aactccccaa agagcagcat ccctcccccg 1680 

acccacagcc acgcttcaaa gtcaccttcc gaagagaagc gaaaggctca aggacactgg 1740 

ccttgcaggc ccgagggagc agccatcaca aacccacaga ccagcacacc ccttctgaga 1800 

caccgccttc tgcccaccac tcacggacac atctcrgcct agaaaacagc ttctcaccgc i860 

35 tcccacatgt gatggcatat cctacactaa aagaatatta ttgggggaaa aacracaagt 1920 

gctgnacara tgccgagaaa ccgcagagca taatagctgc cacccaaaaa tcttcttgaa 1980 
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30 



35 



aazcazzzcc 


agacaacccc 


"tacztirrrg 


z gtagcz t c 




aarr gt caaa 


aaaaaaaag- 


204G 


t t taaacaga 


egcacatgac 


at atgaaagc 


rigcaggac 


z 


ggtcgttrct 


zzggcaazzc 


2100 


tcccacgtgg 


gacttgtcca 


caagaacgaa 


^gtagtggt: 


r 


tctaaagagt 


caagt: t acac 


2160 


acttattttc 


tcacctaagt 


tatttangca 


aaagttr tt 




ttgtagagaa 


tgacaacgct 


2220 


aat at cgctt: 


tatgaatcaa 


cagtctgntc 


r r ccagagr 


C 


cagagacar t: 


gccaacaaac 


2230 


acaatgaatc 


acgacrcgaaa 


g 










2301 



<210> 4 
<211> 23 
H> <212> FRT 

<213> Horro sapien 

<400> 4 

Met Gin Leu Pro Leu Ala Leu Cys Leu Val Cys Leu Leu Val His Thr 

15 



15 1 5 10 



Ala Phe Arg Val Val Glu Gly 
20 

<210> 5 

20 <211> 2301 

<212> DNA 

<213> Homo sapien 

<400> 5 

25 agagcctgtg ctactggaag gtggcgtgcc ctcctctggc tggtaccatg cagctcccac 

tggccctgtg tctcatctgc ctgctggtac acacagcctt ccgtgtagtg gagggccagg 120 

ggtggcaggc gttcaagaat gatgccacgg aaatcatccg cgagctcgga gagtaccccg iso 

agcctccacc ggagctggag aacaacaaga ccatgaaccg ggcggagaac ggagggcggc 24 0 

ctccccacca cccctttgag accaaagacg rgtccgagta cagctgccgc gagctgcact 300 

tcacccgcta cgtgaccgat gggccgtgcc gcagcgccaa gccggtcacc gagctggtgt 360 

gctccggcca gtgcggcccg gcgcgcctgc tgcccaacgc catcggccgc ggcaagtggt 420 

ggcgacctag tgggcccgac trccgctgca tccccgaccg ctaccgcgcg cagcgcgtgc 480 

agctgctgtg tcccggtggt gaggcgccgc gcgcgcgcaa ggtgcgcctg gtggcctcgt 540 



60 



600 



gcaagtgcaa gcgcctcacc cgcttccaca accagtcgga gctcaaggac ttcgggaccg 
aggccgctcg gccgcagaag ggccggaagc cgcggccccg cgcccggagc gccaaagcca 660 
accaggccga gctggagaac gcctactaga gcccgcccgc gcccctcccc accggcgggc 720 
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6 

gccccggccc tgaarccgcg ccczacazzz czazcczctg cgcgnggrct gatrgcTLat 7SC 

atcccattg- aaatgcccgc aacccagggc agggggctga gaccctccag gccccgagga 84C 

a-cccgggcg ccggcaaggc ccccczcagc ccgccagcrg aggggtccca cggggcaggg 900 

gagggaattg agagccacag acactgagcc acgcagccrc gcctctgggg ccgczzaccz 96C 

tcgctggtcc cactLcagag gaggcagaaa cggaagcazt ttcaccgccc tggggtttta 1020 

agggagcggt gngggagtgg gaaagcccag ggaccggtra agaaagt.gg ataagattcc lOSO 

cccutgcacc tcgccgccca tcagaaagcc tgaggcgtgc ccagagcaca agaccggggg 114O 

caactgcaga cgtggttccc agcccrggct c-gccacraa czzgczgtgz aacctrgaac 1200 

racacaattc nccttcggga cctcaacntc cactttgtaa aatgagggrg gaggtgggaa 1260 

taggaticccg aggagacLat tggcacatga t::ccaaggac tccagtgcct -trgaatggg 1320 

cagaggtgag agagagagag agaaagagag agaacgaacg cagttgcatt gattcagrgc 1330 

caaggtcacc cccagaatcc agagctgtga tgctctictcc ngacagccaa agargaaaaa 14 4 0 

caaacagaaa aaaaaaagta aagagtc-at ctacggcnga cacattcacg gctgacaaac 1500 

tccnggaaga agccatgctg ctrcccagcc tggcctcccc ggatgtttgg ccacctccac 1560 

cccnccatct caaagaaaca acatcatcca rrggggtaga aaaggagagg gnccgagggt 1620 

ggrgggaggg atagaaatca cazccgcccc aacctcccaa agagcagcan ccctcccccg 1680 

acccacagcc atgtttcaaa gtcacctncc gaagagaagt gaaaggttca aggacactgg 1740 

ccttgcaggc ccgagggagc agccatcaca aacccacaga ccagcacatc ccrttngaga 1800 

caccgccttc tgcccaccac tcacggacac azzzczgccz agaaaacagc ttctractgc 1860 

tctcacacgr gauggcatat cttacactaa aagaatatta ccgggggaaa aactacaagc 1920 

gctgtacata tgctgagaaa crgcagagca caatagccgc cacccaaaaa tctttttgaa 1980 

aatcatttcc agacaacctc ttacttcctg tgtagttttt aattgttaaa aaaaaaaagt 2040 

tttaaacaga agcacatgac acatgaaagc ccgcaggacr ggtcgrtctL tcggcaattc 2100 

trccacgtgg gactcgccca caagaatgaa agtagzggtc ttraaagagt taagttacac 2160 

attcattttc tcacttaagt tacttatgca aaagtttttc trgtagagaa ngacaatgct 2220 

aacattgctt tatgaattaa cagtctgttc ctccagagtc cagagacatc gttaataaag 2280 

acaatgaatc acgaccgaaa g 2301 

<210> 6 

<211> 213 

<212> PRT 

< 2 1 3 > Homo s ap i en 



<400> 6 

35 Met Gin Leu Pro Leu Ala Leu Cys Leu He Cys Leu Leu Val His Thr 
15 10 15 
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35 



Ala Phe Arg Val Val Glu Gly Glr. Gly Trp Gin Ala Phe Lys Asn Asp 

2C 25 30 

Ala Thr Glu He He Arg Glu Leu Gly Glu Tyr Pro Glu Pro Pro Pro 

35 40 45 

Glu Leu Glu Asn Asn Lys Thr Mec Asn Arg Ala Glu Asn Gly Gly Arg 

5° 55 60 

Pro Pro His His Pro Phe Glu Thr Lys Asp Val Ser Glu Tyr Ser Cys 
" 70 75 80 



Arg Glu Leu His Phe Thr Arg Tyr Val Thr Asp Gly Pro Cys 



Arg Ser 



85 90 95 

Ala Lys Pro Val Thr Glu Leu Val Cys Ser Gly Gin Cys Gly Pro Ala 
100 105 

-4. ^ ^ 

Arg Leu Leu Pro Asn Ala He Gly Arg Gly Lys Trp Trp Arg Pro Ser 
115 120 125 

15 Gly Pro Asp Phe Arg Cys He Pro Asp Arg Tyr Arg Ala Gin Arg Val 
130 135 140 

Gin Leu Leu Cys Pro Gly Gly Glu Ala Pro Arg Ala Arg Lys Val Arg 

1^5 150 ICC 

155 160 

Leu Val Ala Ser Cys Lys Cys Lys Arg Leu Thr Arg Phe His Asn Gin 

165 170 175 

Ser Glu Leu Lys Asp Phe Gly Thr Glu Ala Ala Arg Pro Gin Lys Gly 

180 IBS 190 

Arg Lys Pro Arg Pro Arg Ala Arg Ser Ala Lys Ala Asn Gin Ala Glu 
195 200 205 

25 Leu Glu Asn Ala Tyr 
210 



<210> 7 
<211> 2301 
<212> DNA 
<213> Homo sapien 

c400> 7 



60 



agagcctgrg ctactggaag gtggcgtgcc ctcctctggc tgg::accatg cagctcccac 
tggccctgtg tctcgrctgc ctgctggtac acacagcctt ccgtgcagtg gagggccagg 120 
ggtggcaggc gcccaagaau gatgccacgg aaatcacccg cgagctcgga gagtaccccg 180 
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15 



20 



25 



30 



j3 



agccrccacc ggagccggag aa=aacaaga ccacgaarrg ggcggagaac ggagggcggc 
czccccacca cccccccgag accaaagacg cg^ccgagca cagccgccgc gagctgcact 
tcacccgcta cgtgaccgar gggccgcgcc gcagcgccaa gccggtcacc gagcrggcgt 
gctccggccs gtgcggcccg gcgcgcccgc tgcccaacgc caccggccgc ggcaagrggr 
ggcgacctag ^gggcccgac ttccgctgca cccccgaccg ctaccgcgcg cagcgcgrgc 
agctgctgcg tcccggtggc gaggcgccgc gcgcgcgcaa ggcgcgcc-g gcggcctcgt 
gcaagtgcaa gcgccccacc cgc-.cccaca accagtcgga gcccaaggac tccgggaccg 
aggccgcccg gccgcagaag ggccggaagc cgcggccccg cgcccggagc gccaaagcca 
accaggccga gcrggagaac gccraccaga gcccgcccgc gcccctcccc accggcgggc 720 
gccccggccc tgaacccgcg ccccacacct ctgtcccczg cgcg.ggctt gattgtttat 780 
atttcattgc aaatgcctgc aacccagggc agggggccga gaccttccag gccccgagga 

accccgggcg ccggcaaggc cccccccagc ccqccaccta aaaaarr-r-r-. ^^^^ 

gagggaaccg agagccacag acactgagcc acgcagcccc gccnccgggg ccgcotacct 
zzgctggzcc caccccagag gaggcagaaa tggaagcact tccaccgccc nggggttcta 
agggagcggt gcgggagtgg gaaagtccag ggaccggcLa agaaagttgg ataagacccc 
ccccrgcacc tcgccgccca tcagaaagcc cgaggcgtgc ccagagcaca agacrggggg 
caactgtaga tgtggcttct agtcccggct ctgccactaa cttgctgtgt aaccttgaac 
tacacaattc tcccccggga cctcaatctc caccttgcaa aatgagggtg gaggtgggaa 1260 
taggatctcg aggagaccat tggcacatga -.tccaaggac tccagngcct cttgaat:ggg i320 
cagaggtgag agagagagag agaaagagag agaatgaatg cagttgcact gactcagcgc 1380 
caaggccacc tccagaattc agagttgtga tgctctcttc cgacagccaa agatgaaaaa 1440 
caaacagaaa aaaaaaagta aagagtctat tLatggctga catatctacg gccgacaaac 1500 
tcctggaaga agccatgccg cttcccagcc tggcctcccc ggatgcctgg ctacctccac 1560 
ccctccatcc caaagaaaLa acatcatcca trggggtaga aaaggagagg gtccgagggt 1620 
ggtgggaggg atagaaatca cacccgcccc aaccccccaa agagcagcac ccctcccccg i680 
acccatagcc acgctttaaa gccacccccc gaagagaagt gaaaggtcca aggacactgg 174 0 
cctcgcaggc ccgagggagc agccatcaca aacccacaga ccagcacatc ccttttgaga 1800 
caccgccttc tgcccaccac ccacggacac atccctgcct agaaaacagc tccttactgc i860 
tCLcacatgt gacggcacat cctacactaa aagaatacca ttgggggaaa aactacaagt 1920 
gctgtacaca tgccgagaaa ctgcagagca taatagctgc cacccaaaaa tctctccgaa 1980 
aatcacctcc agacaacctc ttactctctg tgcagttttt aattgttaaa aaaaaaaagt 2040 
tttaaacaga agcacacgac atacgaaagc ctgcaggact ggtcgcctct ttggcaattc 2100 
ttccacgtgg gacccgccca caagaatgaa agcagtggtt tttaaagagt taagccacac 2160 
atttattccc tcacctaagc tatctatgca aaagttcttc czgtagagaa tgacaacgct 



300 
3S0 
420 
480 
54 0 
600 
6S0 



840 
30 0 
960 
1020 
1080 
1140 
1200 



2220 



aatactgctt tatgaatcaa cagccrgtcc ttccagagtc cagagacatt gctaataaag 2280 



acaacgaatc atgaccgaaa g 



2301 
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<210> 
<211> 
<212> 

5 <213> 

<400> 
Met Gin Leu 

10 Ala Phe Arg 

Ala Thr Glu 
35 

Glu Leu Glu 
15 50 

Pro Pro Kis 
65 

Arg Glu Leu 

20 Ala Lys Pro 

Arg Leu Leu 
115 

Gly Pro Asp 
25 130 

Gin Leu Leu 
145 

Leu val Ala 

30 Ser Glu Leu 

Arg Lys Pro 
195 

Leu Glu Asn 
35 210 



8 

213 
PRT 

Homo sapien 
8 

Pro Leu Ala Leu Cys 
5 

Val Val Glu Gly Gin 
20 

He He Arg Glu Leu 
40 

Asn Asn Lys Thr Met 
55 

His Pro Phe Glu Thr 
70 

His Phe Thr Arg Tyr 
85 

Val Thr Glu Leu Val 
100 

Pro Asn Ala He Gly 
120 

Phe Arg Cys He Pro 
135 

Cys Pro Gly Gly Glu 
150 

Ser Cys Lys Cys Lys 
165 

Lys Asp Phe Gly Thr 
180 

Arg Pro Arg Ala Arg 
200 

Ala Tyr 



Leu Val Cys Leu 
10 

Gly Trp Gin Ala 
25 

Gly Glu Tyr Pro 

Asn Arg Ala Glu 
60 

Lys Asp Val Ser 
75 

Val Thr Asp Gly 
90 

Cys Ser Gly Gin 
105 

Arg Gly Lys Trp 

Asp Arg Tyr Arg 
140 

Ala Pro Arg Ala 
155 

Arg Leu Thr Arg 
170 

Glu Ala Ala Arg 
185 

Ser Ala Lys Ala 



Leu Val His Thr 
15 

Phe Lys Asn Asp 
30 

mil D-r-r^ n 

— — *-,w 

45 

Asn Gly Gly Arg 

Glu Tyr Ser Cys 
80 

Pro Cys Arg Ser 
95 

Cys Gly Pro Ala 
110 

Trp Arg Pro Ser 
125 

Ala Gin Arg Val 

Arg Lys Val Arg 
160 

Phe His Asn Gin 
175 

Pro Gin Lys Gly 
190 

Asn Gin Ala Glu 
205 
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<210> St 
<2ll> 642 
<212> DNA 

<213> Cercopithecus pygerychrus 

5 



<400> 9 



10 



15 



atgcagct cc 


cactggcccc 


grgtccngtc 


tgcctgctgg 


tacacgcagc 


cccccgngta 


60 


gtggagggcc 


^ggggtggca 


ggcct tcaag 


aargacgcca 


cggaaatcat 


ccccgagctc 


120 


ggagaguacc 


ccgagcczcc 


accggagccg 


gagaacaaca 


agaccacgaa 


ccgggcggag 


180 


aanggagggc 


ggcctcccca 


ccacccctLZZ 


gagaccaaag 


acgtgtccga 


gtacagctgc 


240 


cgagagcrgc 


a-rccacccg 


ctacgngacc 


gatgggccgt 


gccgcagcgc 


caagccagtc 


300 


accgagttgg 


tgtgctccgg 


ccagcgcggc 


ccggcacgcc 


tgctgcccaa 


- -J 


3 6 0 


cgcggcaagt 


ggnggcgccc 


gagrgggccc 


gactcccgct 


gcatccccga 


ccgczaccgc 


420 


gcgcagcgtg 


tgcagctgct 


gtgtcccggt 


ggrgccgcgc 


cgcgcgcgcg 


caaggtgcgc 


480 


ctggtggcct 


cgtgcaagtg 


caagcgccrc 


acccgcttcc 


acaaccagtc 


ggagctcaag 


540 


gacctcggtc 


ccgaggccgc 


tcggccgcag 


aagggccgga 


agccgcggcc 


ccgcgcccgg 


600 


ggggccaaag 


ccaarcaggc 


cgagctggag 


aacgcctact 


ag 




642 



ihecus pygerythrus 

Ala Leu Cys Leu Val Cys Leu Leu Val His Ala 

10 15 
Glu Gly Gin Gly Trp Gin Ala Phe Lys Asn Asp 

25 30 
Pro Glu Leu Gly Glu Tyr Pro Glu Pro Pro Pro 

40 45 
Lys Thr Met Asn Arg Ala Glu Asn Gly Gly Arg 

55 60 
Phe Glu Thr Lys Asp Val Ser Glu Tyr Ser Cys 
'70 75 80 

Thr Arg Tyr Val Thr Asp Gly Pro Cys Arg Ser 
90 95 



BNSDOCIO: <WO 0032773A1_IA> 



<210> 10 
20 <211> 213 

<212> PRT 
<213> Cercopic 

<400> 10 
25 Met Gin Leu Pro Leu 
1 5 
Ala Phe Arg Val Val 
20 

Ala Thr Glu lie lie 
30 3 5 

Glu Leu Glu Asn Asn 
50 

Pro Pro His His Pro 
65 

35 Arg Glu Leu His Phe 

85 
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Ala Lys Pro Val 
100 

Arg Leu Leu Pro 
115 

5 Gly Pro Asp ?he 
130 

Gin Leu Leu Cys 
145 

Leu Vai Ala Ser 

10 

Ser Glu Leu Lys 
180 

Arg Lys Pro Arg 
195 

15 Leu Glu Asn Ala 
210 



Thr Glu Leu Val 

Asn Ala lie Gly 
120 

Arg Cys lie Pro 
135 

Pro Gly Gly Ala 
150 

Cys Lys Cys Lys 
165 

Asp Phe Gly Pro 

Pro Arg Ala Arg 
200 

Tyr 



Cys Ser Gly Gin 
105 

Arg Gly Lys Trp 

Asp Arg T>^r Arg 
140 

Ala Pro Arg Ala 
155 

Arg Leu Thr Arg 
170 

Glu Ala Ala Arg 
13 5 

Gly Ala Lys Ala 



Cys Gly Pro Ala 
lie 

Trp Arg Pro Ser 
125 

Ala Gin Arg Val 

Arg Lys Val Arg 
160 

Phe His Asn Gin 
175 

Pro Gin Lys Gly 
13 0 

Asn Gin Ala Glu 
205 



<210> 11 

<2il> 638 

<212> DNA 

<2l3> Mus musculus 



<400> 11 



30 



atgcagccc- 


cactagcccc 


gtgccccatc 


tgcccactrg 


ngcacgctgc 


cttcrgtgct 


60 


gtggagggcc 


aggggtggca 


agccttcagg 


aacgatgcca 


cagaggtcat 


cccagggctt 


120 


ggagagtacc 


ccgagccccc 


tccrgagaac 


aaccagacca 


tgaaccgggc 


ggagaatgga 


180 


ggcagacctc 


cccaccatcc 


ctatgacgcc 


aaaggtgcgt 


ccgagtacag 


ctgccgcgag 


240 


ctgcactaca 


cccgctcccc 


gacagacggc 


ccargccgca 


gcgccaagcc 


ggtcaccgag 


300 


tcggtgcgcc 


ccggccagtg 


cggccccgcg 


cggctgctgc 


ccaacgccat 


cgggcgcgtg 


360 


aagnggcggc 


gcccgaacgg 


accggatttc 


cgcrgcarcc 


cggatcgcta 


ccgcgcgcag 


420 


cgggtgcagc 


tgctgtgccc 


cgggggcgcg 


gcgccgcgct 


cgcgcaaggt 


gcgtctggtg 


480 


gcctcgtgca 


agugcaagcg 


cct cacccgc 


ctccacaacc 


agrcggagct 


caaggacttc 


540 


gggccggaga 


ccgcgcggcc 


gcagaagggt 


cgcaagccgc 


ggcccggcgc 


ccggggagcc 


600 


aaagccaacc 


^ggcggagct 


ggagaacgcc 


tactagag 






638 



<210> 12 
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<2ll> 211 
<212> ?RT 

<213> Mus mus cuius 

5 <40C> 12 

Met Gin Pro Ser Leu Ala Pro Cys Leu lie Cys Leu Leu Val His Ala 

i 5 10 15 

Ala Phe Cys Ala Val Glu Giy Gin Gly Trp Gin Ala Phe Arg Asn Asp 
20 25 30 

10 Ala Thr Glu Val He Pro Gly Leu Gly Glu Tyr Pro Glu Pro Pro Pro 
35 40 45 

Glu Asn Asn Gin Thr Met Asn Arg Ala Glu Asn Gly Gly Arg Pro Pro 

^0 55 60 

His His Pro Tyr Asp Ala Lys Asp Val Ser Glu Tyr Ser Cys Arg Glu 

70 75 80 

Leu His T>^r Thr Arg Phe Leu Thr Asp Gly Pro Cys Arg Ser Ala Lys 

85 90 95 

Pro Val Thr Glu Leu Val Cys Ser Gly Gin Cys Gly Pro Ala Arg Leu 

100 105 ;^^Q 

20 Leu Pro Asn Ala He Gly Arg Val Lys Trp Trp Arg Pro Asn Gly Pro 
115 120 125 

Asp Phe Arg Cys He Pro Asp Arg Tyr Arg Ala Gin Arg Val Gin Leu 

135 140 
Leu Cys Pro Gly Gly Ala Ala Pro Arg Ser Arg Lys Val Arg Leu Val 

150 155 160 

Ala Ser Cys Lys Cys Lys Arg Leu Thr Arg Phe His Asn Gin Ser Glu 

165 170 175 

Leu Lys Asp Phe Gly Pro Glu Thr Ala Arg Pro Gin Lys Gly Arg Lys 
180 185 190 

30 Pro Arg Pro Gly Ala Arg Gly Ala Lys Ala Asn Gin Ala Glu Leu Glu 

200 205' 

Asn Ala Tyr 
210 

35 <210> 13 

<211> 674 
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15 



35 



13 



<212> DNA 

<213> Rattus norvegicus 
<400> 13 

gaggaccgag tgccctcccr ccttcrggca ccaegcagcn ctcactagcc ccncgcctrg 
cctgcctgct tgtacatgca gcctccgttg ctgnggagag ccaggggtgg caagccctca 
agaatgatgc cacagaaatc arcccgggac ccagagagta cccagagccr cctcaggaac 
tagagaacaa ccagaccacg aaccgggccg agaacggagg cagacccccc caccatcctc 
acgacaccaa agacgtgtcc gagtacagct gccgcgagcc gcactacacc cgcttcgtga 
ccgacggccc gngccgcagt gccaagccgg ccaccgagcr ggtgtgcccg ggccagcgcg 36 0 

gccccgcgcg gctgcngccc aacgccatcg ggcgcgtgaa gcggtggcgc ccgaacggac 420 

ccgacEtccg ctgcatcccg gaccgctacc QCQcacaaaa r^n^r^r^^ r. ^^^.^ 

gcggcgcggc gccgcgctcg cgcaaggtgc gtctggtggc cccgtgcaag cgcaagcgcc 
tcacccgcrt ccacaaccag rcggagctca aggacttcgg acctgagacc gcgcggccgc 
agaagggtcg caagccgcgg ccccgcgccc ggggagccaa agccaaccag gcggagctgg 
agaacgccta ccag 



6C 
120 
130 
24 0 
300 



y *i o u 

54 0 



<210> 14 
<211> 213 
20 <212> PRT 

<213> Rattus norvegicus 

<400> 14 

Met Gin Leu Ser Leu Ala Pro Cys Leu Ala Cys Leu Leu Val His Ala 

Ala Phe Val Ala Val Glu Ser Gin Gly Trp Gin Ala Phe Lys Asn Asp 

2° 25 30 

Ala Thr Glu He He Pro Gly Leu Arg Glu Tyr Pro Glu Pro Pro Gin 
^5 40 45 

30 Glu Leu Glu Asn Asn Gin Thr Met Asn Arg Ala Glu Asn Gly Gly Arg 

55 eo 
Pro Pro His His Pro Tyr Asp Thr Lys Asp Val Ser Glu Tyr Ser Cys 
" ^0 75 30 

Arg Glu Leu His Tyr Thr Arg Phe Val Thr Asp Gly Pro Cys Arg Ser 

85 90 95 

Ala Lys Pro Val Thr Glu Leu Val Cys Ser Gly Gin Cys Gly Pro Ala 



600 
660 
674 



BNSDOCID: <WO 0032773A1_IA> 



wo 00/32773 



PCT/US99/27990 



14 



Arg Leu Leu 
115 

Gly Pro Asp 
5 130 

Gin Leu Leu 
145 

Leu Val Ala 

10 Ser Glu Leu 

Arg Lys Pro 
195 

Leu Glu Asn 
15 210 



100 

Pro Asn Ala lie Gly 
120 

Phe Arg Cys lie Pro 
135 

Cys Pro Gly Gly Ala 
150 

Ser Cys Lys Cys Lys 
165 

Lys Asp Phe Gly Pro 
130 

Arg Pro Arg Ala Arg 
200 

Ala Tyr 



ICS 

Arg Val Lys Trp 

Asp Arg Tyr Arg 
140 

Ala Pro Arg Ser 
155 

Arg Leu Thr Arg 
17C 

Giu Thr Ala Arg 
185 

Gly Ala Lys Ala 



110 

Trp Arg Pro Asn 
125 

Ala Gin Arg Val 

Arg Lys Val Arg 
160 

Phe His Asn Gin 
175 

Pro Gin Lys Gly 
190 

Asn Gin Ala Glu 
205 



<210> 15 
<21i> 532 
<212> DNA 
<213> Bos torus 



<400> 15 



25 



30 



agaargatgc 


cacagaaacc 


acccccgagc 


tgggcgagta 


ccccgagcct 


ctgccagagc 


60 


tgaacaacaa 


gaccatgaac 


cgggcggaga 


acggagggag 


acctccccac 


cacccctttg 


120 


agaccaaaga 


cgcccccgag 


tacagctgcc 


gggagctgca 


cttcacccgc 


t acgtgaccg 


180 


atgggccgtg 


ccgcagcgcc 


aagccggtca 


ccgagctggt 


gtgctcgggc 


cagtgcggcc 


240 


cggcgcgcct 


gctgcccaac 


gccatcggcc 


gcggcaagcg 


gtggcgccca 


agcgggcccg 


300 


acttccgccg 


catccccgac 


cgccaccgcg 


cgcagcgggt 


gcagctgtng 


tgccctggcg 


360 


gcgcggcgcc 


gcgcgcgcgc 


aaggtgcgcc 


tggtggcctc 


gtgcaagtgc 


aagcgcctca 


420 


ctcgcttcca 


caaccagtcc 


gagctcaagg 


acctcgggcc 


cgaggccgcg 


cggccgcaaa 


480 


cgggccggaa 


gctgcggccc 


cgcgcccggg 


gcaccaaagc 


cagccgggcc 


ga 


532 



<210> 16 
<211> 176 
35 <212> PRT 

<213> Bos torus 
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c400> 15 

Asn Asp Ala Thr Glu lie lie Pro Glu Leu Gly Glu Tyr Pro Gl'^ Pre 

3 Leu Pro Glu Leu Asn Asn Lys Thr Met Asn Arg Ala Glu Asn Gly Gly 
20 25 30 

Arg Pro Fro His His Pro Phe Glu Thr Lys Asp Ala Ser Glu T%^r Ser 

35 40 45 

Cys Arg Glu Leu His Phe Thr Arg Tyr Val Thr Asp Gly Pro Cys Arg 

55 60 
Ser Ala Lys Pro Val Thr Glu Leu Val Cys Ser Gly Gin Cys Gly Pro 

75 SO 
Ala Arg Leu Leu Pro Asn Ala He Gly Arg Gly Lys Trp Trp Arg Pro 
S5 90 95 

15 Ser Gly Pro Asp Phe Arg Cys He Pro Asp Arg Tyr Arg Ala Gin Arg 
100 105 110 

Val Gin Leu Leu Cys Pro Gly Gly Ala Ala Pro Arg Ala Arg Lys Val 

115 120 125 

Arg Leu Val Ala Ser Cys Lys Cys Lys Arg Leu Thr Arg Phe His Asn 

130 135 140 

Gin Ser Glu Leu Lys Asp Phe Gly Pro Glu Ala Ala Arg Pro Gin Thr 

^50 155 160 

Gly Arg Lys Leu Arg Pro Arg Ala Arg Gly Thr Lys Ala Ser Arg Ala 
1^5 170 175 

25 

<210> 17 

<:2ll> 35828 

<212> DNA 

<213 > Mus musculus 



3(» 



35 



<220> 

<22l> misc_f eature 
<222> (1) . . , (35826) 
<223> n = A,T,C or G 

<400> 17 
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cgcgccccgg 


tgagragcaa 


rat-gcgctt 


zgazgagcrt 


tggcgt tgag 


attgetacct 


GO 




ctgcrgcaca 


aaaggcaatc 


gaccgagctg 


gaccagcgca 


tt cgtgacac 


cgtctccttc 


120 




gaacttatr c 


gcearggagc 


gtcactcacc 


aaggacngcc 


tgatcgcaaa 


tggtgctatc 


130 




cacgcagcgg 


caatcgaaaa 


crctcagccg 


grgaccaata 


tctacaacat 


cagcct tggt 


240 


5 


at cccgcgcg 


a-gagccagc 


gcagaacaag 


gnaaccgcca 


gtgccgataa 


gttcaaagt t 


300 




aaacctggtg 


ttga-accaa 


catngaaacg 


ttgatcgaaa 


acgcgctgaa 


aaacgctgct 


360 




gaatgtgcgg 


cgcrggatgc 


cacaaagcaa 


atggcagcag 


acaagaaagc 


gat cgat gaa 


420 




ctggcrccct 


acgcccgcac 


ggccatcatg 


arggaatgct 


tccccggtgg 


t gt t atctgg 


4 BO 




cagcagcgcc 


gtcgaragea 


tgcaat tga" 


aatractacc 


att tgcgggt 


cct 1 1 ccggc 


54 0 


10 


gatccgccr t 


gt racggggc 


ggcgacctcg 


cgggttzzcg 


ct at t tatga 


aaat t t t ccg 


600 




gt tcaaggcg 


tctccgctct 


Lcctcgccat 


aacn taatgt 


ttttatttaa 


aat accct ct 


660 






y a ct a y ciL- ay 


y --y L_ t_yciaciy 


cy dy L L L t il 


ggcc tct gt c 


gt 1 1 cct 1 1 c 


72 0 




rctgttitttig 


tccgtggaat 


gaacaatgga 


agtcaacaaa 


aagcagagct 


t at cgatgat 


78 0 




aagcggtcaa 


acatgagaat 


tcgcggccgc 


at aatacgac 


tcact atagg 


qa t cqacqc^ 


84 0 


15 


nactccccgc 


gcatgaagcg 


gaggagctgg 


act ccgcarg 


cccaaacfacq 


CCCCCCQ.QCC 


900 




cccaaagtgc 


ctgacctcag 


crtcraccag 


ctctggcttg 


qgct tgqqcq 


qqqt caaqqc 


960 




taccacgtrc 


tcttaacagg 


tggctgggct 


gt ctcttggc 


cgcgcgtcat 


gtgacagctg 


1020 




cctagtcctg 


cagtgaggnc 


accgtggaat 


gtctgccttc 


gt t qccatqq 


ca a cqqqa t q 


1080 




acgttacaat 


ccgggtgtgg 


agctttccct 


gtccgtgtca 


ggaaatccaa 


at accctaaa 


114 0 


20 


ataccct aga 


agaggaagta 


gccgagccaa 


ggctttcctg 


gcttctccag 


ataaagt t tg 


1200 




acttagacgg 


aaaaaaacaa 


aacgataaag 


acccgagcca 


tctgaaaat t 


cctcctaatt 


1260 




gcaccactag 


gaaangrgta 


tatcattgag 


ctcgtatgtg 


ttcttatttt 


aaaaagaaaa 


1320 




ctttagtcat 


gt tattaata 


agaattcccc 


agcagtggga 


gagaaccaat 


attaacacca 


1380 




agat aaaagt 


tggcacgacc 


cacacrgcag 


gaagatccac 


gttgggtttt 


catgaatgtg 


1440 


25 


aagaccccat 


ttatcaaagc 


cccaagccct 


gtttttgcac 


actaggaagc 


gatggccggg 


1500 




atggccgagg 


ggctgcaagg 


atctttcaar 


gtcttacatg 


tgtgtttcct 


gtcctgcacc 


1560 




taggacctgc 


cgcctagcct 


gcagcagagc 


cagaggggtt 


tcacatgat t 


agtctcagac 


1620 




acttgggggc 


aggttgcatg 


nacrgcaccg 


cttattccca 


tacggagcac 


ctactatgtg 


1680 




tcaaacacca 


tatggcgtcc 


actctccaga 


acggtggtgg 


tcatcatggt 


gcatttgctg 


1740 


30 


acqgccggat 




QaQCtQaoat 


a t a t ggacgc 




OL.L.L.L.yU\^CtCt 


1 ft n n 
X o u u 




cgtggccgtg 


cattcttgct 


cctgagcaag 


tggctaaaca 


gactcacagg 


gtcagcctcc 


1860 




agctcagtcg 


ctgcatagtc 


Ltagggaacc 


tctcccagtc 


ctccctacct 


caactatcca 


1920 




agaagccagg 


gggcccggcg 


gcctcaggag 


cctgcttgct 


999993c:agg 


ttgttgagtt 


1980 




tcatctgcag 


taggttgcct 


aggcatagtg 


tcaggactga 


tggctgcctt 


ggagaacaca 


2040 


35 




tctatgcaaa 


tctgaccttg 


ac a t ggggg c 


gctgcucagc 


tgggaggat c 


2100 




aactgcatac 


ctaaagccaa 


gcccaaagcc 


tcttcgtcca 


cctgaaactc 


ctggaccaag 


2160 
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gggc-rccgg cacacccccc caggccagrg agggagtcrg tgtgagctgr accctccaar 2220 

cccagggcgu gagaggcaga gggaggcggg ggcagagccc cgcagc-ctt ccctcccacc 2230 

cggacagcgc tccggcccag cagcccatac gagcacaggc aca-ccccac cccazcccca 2 34 0 

cctrrrctgc cccgcagaat ctaggccctg ttcacggggg gggggggggg ggggcagtcc 2400 

5 zazczzctct taggtagaca ggaccccgca ggagacraccg ccttgcaaga taccgcagct 2460 

taaanttgga tgccgcgagg ggaaagcgaa gggcccctrc gaccactcag tcaaggtiacc 2520 

ctccaac-cc catcgtatcg gggggccact ctagcgccag acactgcaga gagcctcaga 2580 

accgtagtca ccagcgcggt aggatrgacc cttcagggag cccgacatgt gacagcccca 2640 

t-cttcaccc agccaccgaa cacctattca gcacccaccc cgcaacaggc accgcagcag 2700 

10 gcartgaggg acggaccacc caaagaactg acagaccgaa gcctcggaat ataaacacca 276 0 

aagcatcagg ctctgccaac agaacactcc rraacactca ggccctccaa cactcaggac 2820 

ccccaccccc accccaaqca arcaacacta rr ^irr-r-ar-=r c,-.- =^ = -,=^-, 

— ■ - w — w^wv*wMw,w^u y y caaaclcll_ t_a ^ O tJ U 

ggcacaggac gacataagcg gctcgcttaa gcccgcccgc acggtaaatg gcagggccgg 2940 

accgagaccc agacactcca ■ accccagggc ctactcttcc tntcrctcgt cgttcgaatc 3000 

15 tgggrcttac cgggcaaact caggccagcc tcacactcac accccccccc cacggctcac 3060 

gagtgccagg accccaggtg tgtgccacca tgzccgacrc cctgcagctt gtc-atacca 3120 

cccccacaac ataggaatcg cgacagcagc acacacaccg gaaggagctg gggaaatccc 3130 

acagagggct ccgcaggatg acaggcgaat gcctacacag aaggtgggga agggaagcag 324 0 

agggaacagc acgggcg-gg gaccacaagt ccatctgggg aagccgccgg taaccgtata 3300 

20 tggc^ggggt gaggggagag gccacgagar gaggcaggaa gagccacagc aggcagcggg 3360 

tacgggctcc ttatcgccaa gaggctcgga tcttcctcct cctccrcctt ccggggccgc 3420 

ctgrccatrc tccaccactg ccrcccatcc aggcctgtgg cccaggacat cacccagccg 3480 

cagaaaccgg gcatcaccca cgtcctgaat gccgccgagg gcaggrccrt cacgcacgtc 3540 

aacaccagtg ctagcttcta cgaggactct ggcatcacct acccgggcat caaggccaac 3600 

25 gatacgcagg agctcaaccc cagcgctcac tttgaaaggg ccacagactn cactgaccag 3660 

gcgccggccc ataaaaatgg taaggaacgt acatcccggc acccacggag cgcaagcrcct 3720 

ctgggacctg cttcccccaa agaggccccc actcgaaaaa ggttccagaa agaccccaaa 3780 

atatgccacc aactagggac taagcgcccc acacgrgagc cgacgggggc cactgcatat 3840 

agccrgtgcc acagacatga caatggacaa taacatctca gacagagagc aggagttagg 3900 

30 tagctgcgct ccctcccctt taactgagcg cgcccatttt ttcactcacg tacgcgcata 3960 

cacgcgtgtg cacacatgcc ataggttgat actgaacacc gcctrcaatc gttccccacc 4 020 

ccaccttatt ttccgaggca gggtctctcc cctgaccctg gggcccattg gtttatccag 4080 

gctgccggcc agcgagccct ggagtrctgc ttccctccac ccccctagcc ccgggactgc 4140 

aggggcacgc gctgggccag gcctccatgc cgcgttgggg acccgaaccc aggcccctag 4200 

35 gcccgagcac cgtaaagact ctgccacatc cccagccrgc ttgagcaagt gaaccatccc 4250 

ccagaatccc cccagcgggg ccctcctacc cttttactgg ccaggcaccc atgagtggtc 4 320 
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acctcgccag aggaacgagc ggccacgacr ggcr-aggg: cagcagc::ca gagataccgg 43S0 
gctaagtcct cctgzcgczc gctcccrgca gccgcagaca gaaagcagga ccgaacgaga 444 0 
gctggccagr ggrcagacag gacagaaggc cgagagggcc acagggcaga cgrcagcaga 4500 
gcagacaggc tctccctctg tgggggaggg gcggcccact gcaggcgtaa trggccctcc 4560 
ttgtgctcce tagaggcrtc ccgggcaca:: agcagccccc crgtcctggc gacncccaaa 4620 
gagaacrccc caccaccgga crtacagaag ctc-.actgac tggtgtaacg gttcaacagc 4680 
cccggctctt ggcggacggt gcacactgct gcaccagctc aagagctcat tcacgaacga 
acacacacac acacacacac acacacacac acacaagcca accccgacac gccttaacta 
gc-.cagcgac tgggcacttc rgaacatccc tgaagtcagc acacatttcc ccccggtgtt 
cctggcttaa caccrrctaa acccaca-ct tatccttgct gccctgttac cttccgagaa 
gcccctaggg ccacccccc-. ccgcacctac arcgctggat gg--cctctc ctgcagctcr 

taaacctgac ccctccgcct ctgagccatg gqaacaaccc a^r ^^rrr^^r. = 

aaacgtctct agccaaaact ccagcraaac ttagacaana aatcttactg g-.tgtggaat 
cctnaagatt cnrcatgacc tccttcacat ggcacgagta rgaagctrca ttacaatcgt 5160 
ttattgatca aactaactca taaaaagcca gttgtctttc acctgctcaa ggaaggaaca 5220 
aaattcatcc ttaactgatc tgtgcacctt gcacaatcca tacgaatarc ttaagagtac 



4740 
4800 
4860 
4920 
4980 
0 4 C 
5100 



5280 



taagattttg gctgtgagag tcacatgcta cagaatgtac agccttgaca aggcgca-cc 5340 



5400 



ttgggatgcc gaagtgacct gctgtcccag ccccctacct rctgaggctg ttctggaagc: 

aatgccccgg aagcaacrtt aggaggtagg atgccggaac agcgggtcac ttcagcatcc 5460 

cgatgacgaa ccccgtcaaa gctgcacatt ctgtaacaga ctgggaaagc tgcagacttc 5520 

aaggccaggg ccctatggtc cctcttaatc cctgtcacac ccaacccgag ccctrctccc 5580 

ccagccgttc tgtgcttctc acrctggata gacggagaac acggccctgc cagtcaaagg 5640 

agcgaggctt caccctcctc acacggcagt ggctggccat cctcatccag ggaactccgg 5700 
ggcactctgc ctctactccc cctttccgga ccacagggaa catacgctga cccgctttga 



5760 



ccctgtgtac ggggagaccg gatccctggt ctggaatgct tcctgccagt ctccccccac 5820 



5880 



cctttggcaa accccatcca catcctacca ccaggcatag tggcccccgt tccggagcct 

gccttcaggc tggctctcgg ggaccacgcc cctggttccr ccccagcata tggtgtccac 5940 

agtgtccact gcgggcggtt gcrgaacaaa gcggggattg catcccagag ctccggtgcc 6000 

ttgcgggtac accgctaaga taaaatggat actggcctcc ctctgaccac tcgcagagcr 6060 

ccggcgcctt gtgggtacac tgctaagara aaatggatac tggcctcrct ccatccaccc 6120 

gcaggactct agggaacagg aacccattac tgagaaaacc aggggctagg agcagggagg 6180 

cagctgggca gccgaagcgc ttggcgacta accaatgaac accagagctt ggatctctag 6240 

aatactctta aaacccgggc gggcagagtg gcctgcccgt aaccccagaa ctcgggaggc 6300 

ggagacaggg aatcatcaga gcaaactggc taaccagaar agcaaaacac tgagctctgg 6360 

gccccgcgag agatcctgcc tcaacarata agagagagaa taaaacattg aagaagacag 6420 
tagatgccaa ttncaagccc ccacacgcac atggacaagt grgcgttcga acacacacac 



6480 
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gcaccca-.gt gaaccaggca -gcacaccrg gg-ctatcac acacataatt cgaaagagag 65-; C 

agrgagagag gagagcgcac accagagcrc acaggaaagc g-gagrgagc acacccatgc 6500 

acacagacat gzgtgccagg gagcaggaaa ggagcccggg ccrgcgtata agagggagrc 66SC 

accacgtg-t tccaaggagg gcgtgrgaag gaggcgccgr gcgggccggg accggagca- 6720 

ggrzgcaacc gagcatgctc cc-gcgggaa acaggagggr ggccaccctg cagagggtcr 5780 

cactgcccag cgggaccagc aaaagcccct gccgagaacc ctaggtaata gccagagaga S84 0 

gaaaggcagg aaagtggggg gacccccacc tccgacgcag gaggacccgg gcaagtagag 6900 

gtgcgttcga ggtagaaaga ggggtgcaga ggagacgccc rcaattctgg gtcagcagct 6950 

tcttrccaaa taacgcctgt gaggaggcgc aggtggcggc cacrcactcra ctcagcagag 7020 

ggacgatgat gcccggrgga tgccggaaat ggccgagcac caaccctggc tccggaagaa 7080 

ctccatcttc cagaaggaga gcggacctgt gLatggccag cggggtcaca ggcgcctggg 7140 

gcccctgggg qacccctaac actacrarasr cir rr . 

- -s 3-3 L. uy i_<_ciy9t;ciC /^UU 

tggcccgggg ccttgtttct grctctgttt cgrctcgrr- tncgagacag acccttgcta 7260 

cgcatccgtg tcaarcttgg aaccrrcacrg caragcccag gctgcggaga gaggggaggg 7320 

caataggcct tgtaagcaag ccacacttca gagactagac cccaccctgc gaatgacgac 7380 

aggtcagagc cgagctccgg aagacctttt ctccagctgc caggcggagt gcggagtggc 744 0 

agccagcggc aagggcagag ggcgagctcc ccgcgcagga gaaacgcaag caagagacgg 7500 

caagccagtg agctaagcac tctgtgtggg gagcaggtgg acgaagagag aggctgggct 756 0 

ttcrgcctccg gggggggggt gaggggtggg gacgaggtga gaggagggca gctccctgca 7620 

gtgtgatgag acetctcccg acagtgacct ctggcctccc ccrcccccac ttcccttcrc 7680 

tcctttcttc ccaccactgc cctcctcgtc cttgagaaac tcrgagtccc cactccactg 7740 

gtgatgcaga cggaaacaga agccgtgtgc gtgcgrgtgc gcgtgtgtgc gtgcgtgcgt 7800 

gcgcgtgngc ttgtgtgtat grgcgtgtgc gtg-t-gtgt gcatgtgtgt cagtgggaat 7860 

ggcccacagr ctgcaggaag grgggcagga aggaacaagc tgtaggctga ggcagtgcgg 7920 

gatgcaggga gagaggagag gagggacacc agagaaggaa attaagggag ctacaagagg 7980 

gcatcgtcgg ggtgcgtgcg tgcgtgcgcc gcttacatct gtattggaaa tacactcctt 8040 

taaaaaacac ttatccatct acctactctt atgcgcacgc grgtgcgcct gcatgagttc 8100 

atgtgtgcca cgrgtgrgcg ggaacccttg gaggccacaa gggggcatct gatcccctgg 8160 

aaccggagtt ggaggaggtt gtgagtcccc tgacatgttt gctgggaact gaaccccggt 8220 

cctatgcaag agcaggaagt gcagccaccr gccgagccac ctctccagcc ccgaaatcca 8280 

ttctcttaaa acacacgtgg cagagacatg atgggaccca cgcacggact caatgcggcg 8340 

gtcatcaagt cccggcacag gcaagcacct gtaaagccac caccacaacc gcaacagcga 8400 

atgcgaccat cacccccacg ttctccacgt ccccrgtccc ccccaccctc catcctcaag 8460 

cacctctcgc tctgcccctg tcgctggaga acagcgtgca tccgcacacc cctatgtcag 8520 

tgaagtcaca cagcctgcac ccccccctgg tccgagtatc tgggctctga ctccgccatc asso 

acacaccacc gcaccgcatc crcccgctcc ccctcttcaa acacactttt atttgtctgt 8640 
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gcgratgcac atg-gccaca cgcgcacaga tacracggag gccagaagag gccacggccg 8700 

tccrrggagc tggagrcaca ggcagcgtgt gagctgcccg gtgcgggtgc tgggaaccaa 8760 
actcgaatcc aaagcaagca ccc-taacrg ccgaggcagc cctcagcacc ccnrtrcazc 
cctccgccLg ggtcccattg na-ggacaca tgtagcnaga acatcttgcrt tatctaatca 
ugcacactgt tttgtgccaa gagagagraa tgctccatag cctgagctgg cctcaacctt 
gccatcctcc tgccncagcc Lcctcctcct gagtgccagg atgacaggcg agtggcaacc 
tacatggctc catgttrtgt tcaagactga aggaraacat tcacacagag aaggtccggg 

ccacaaagtg tgcagtccac tgaatggcac aacccgtgat caagaaacaa aaztcagggg 9120 

ctggagagat ggcactgact gctcttccag aggtccggag tccaattccc agcaaccaca 9180 
cggcggctca cagccatcra -aacgagatc rgacgccctc tcctggtgtg tccgaagaca 
gctacagngt actcacataa aacaaataaa tctctaaaac acacacacac acacaattac 

caccccagaa agcccacrcc atgttccctc ccacazoT.cz or-r-r ^-nor ^ r.-.^- 

accactgttc aggc-.ctaa caacctggtt tacctgggcc tctcccctgc tctgcggagc 9420 

cacacatcrg tgcgcctcar acacgtcctt tccagtaagc cgcatattac tccgcgtttt 9480 

tacatgtatc tacttattgt agttgtgtgt gcgtgcgggc ccatgcatgg cacagtgcgc 9540 

ggggatgtca gagnattgng aacaggggac agttcttccc cccaatcatg cgggctccag 9600 

aggctgaacc caggrcatca tgtgtggcag caaatgcctc tacccactga gacacctcca 9660 

cactcrtttt ttccccccng aggtgggggc ttgttccaca gcccaaaccg gctctgcact 9720 

tgcagctcaa agtgactccc cgtctccacc ccctagagta ctggaattac gacgtgcact 9780 

accacacctg actggatcat caattccttg acgggggcgg ggaagcgcac acgctgcagg 9840 

tgaagggacg accggactgg acatgagcgt ggaagccaga gaacagcttc agcccaatgc 9900 

tctcccaact gagccatttc ggcctgccag agaacaactc acagaaagtc cccag-gcca 9960 

tgtggactcg gggtcggagc ccaacccatc agcttgacat tggctcctct acccactgag 10020 

cctccccacc accctctacc uagatcacca attctctctc aaaaagactt attagggggc 10080 

tggagagacg gcccagccgc taagagcacc gaatgcccct ccagaggccc tgagttcaac 10140 

tcccagcacg ccattgctgg gcagcagggg gcgcaggcgc ccaacgcgag tagctgttgc 10200 

cagccttccg cggrggagaa cctcctgaca ccctgccgcc cctggtcatc ctgggcgggt 10260 

gcatggcgat acgcctgttg tatggaagac ctcgaccgtt acagcgaagt tgggcctcca 10320 

cagctaccac gtctcccccg tccctcgcag gccrgggtgct tgnccattgc cgcgagggct 10380 

acagccgccc cccaacgcca gtcatcgcct acctcatgac gcggcagaag acggacgtca 10440 

agtctgccct gagcactgtg aggcagaatc gtgagaccgg ccccaacgat ggcctcctgg 10500 

cccaactctg ccagctcaac gacagaccag ccaaggaggg caaggtgaaa ctctagggtg 10560 

cccacagcct ctttcgcaga ggtctgactg ggagggcccc ggcagccatg tttaggaaac 10620 

acagtatacc caccccctgc accaccagac acgtgcccac atccgtccca ccccggrcct 10680 

cgggggccac tccaccctca gggagcacat gaagaagctc cccaagaagc tctgctcctt 10740 

agccaccctt ccctgtaact tatgcctctc cccgaggtga ggttcaggtt tatgcccctg 10800 
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cctgrggcrac agatacatct cagtgaccca ggg-.gggagg gctatcaggg .gcacogccc 10660 
gggacacggg cactcttcat gacccczccc ccacctgggt tcc-.cctgtg tggcccacaa 1052C 
ccacgagcct ggcaaaggaa ccacgcaaac acaggccccg acctccccar gnctgrt-cr losso 
ggtcctcaca gcccgacacg ccccgctgag gcagacgaac gacattaagc tctgaagcag ii040 
agtggaga-.a gactagtgac tagactrcca aaaagaagga aaaaaaaggc tgcacttcaa 
aatcactccc ttagaactaa agaraccaca caggggccct cgggtaagca aatccacft 
tcccagaggc tarcttgact ccc.ggaatg rttaaagtgc gcottgccag agagc.tacg 
arctatatct gctgcttcag agccntccct gaggatggcc ctgtcccttt gctrgctaga 
agagcgatgc ctcgggcagg gtttccccct: tttcagaata cagggtgtaa agtccagcct 
attacaaaca aacaaacaaa caaacaaaca aaggaccccc acr.ggagaa ttgcaaggac 
tctatcctga actatagcgt cggcgagcrc aagtcatcac gccaagtgct tgccaccctg 

gctgctactc taagaacaat raaaacrcT^oo 

--^^-.-^zj --^w^^ij^^d au^ycjagccc acgrccgtgg 

gtgngtgcac gggtgcacac gctggaaggg gtgcctgccc ccrcggggac agaaggaaaa 

tgaaaggccc ctctgctcac cctggccatc tacgggaggc tccgctggnt ccacggtgcc 

tgngcaggat cctgaaactg actcgctgga cagaaacgag acctggcggc accatgagaa 

tggagagaga gagagcaaag aaagaaacag cctttaaaag aactttctaa gggtggct^t 

tgaaccccgc tggaccttgt atgcgtgcac atttgccaga gatcgaacat aatcctcttg 

ggactccacg ttc.cat.at ttgcargrcc ccggggtcac gcagagccgt cagccaccac 

cccagcaccc ggcacacagg cgtctcataa aagcccattt catgagaacc agagccgttt 

gagtaccccg tgtacagaga gagctgttgt cgtggggcac ccggatccrca gcagcctggt 

tgcccgcctg taggatgtct tacaggagtt cgcagagaaa ccttccttgg agggaaagaa 

atatcaggga ttcttgttga atattccaaa ttcagcccra agtgtaagac ccagcagtgt 

tcatggctaa gg.aaggaac acgccttttc cagagccgc. gcaagaggca ggagaagcag 

acccgnctta ggatgtcact cccagggtaa agacctctga tcacagcagg agcagagctg 

tgcagcccgg atggtcactg tcccccaccc tgrataac-a cacr-^^r-r-^^ 

v-v, >.y_yi.gac_a cagcaaccct ggccacatag 

ggctggtca. cctttttttt tttttcttct tttttttctg gcccagaatg aagtgaccat 
agccaagttg tgtacctcag ccrtcagttc ccaagcggct ctcttgctca atacaangrg 
catttcaaaa taacactgta gagctgacag aactggctca tgtgttatga gagaggaaaa 
gagaggaaag aacaaaacaa aacaaaacac cacaaaccaa aaacatctgg gctagccagg 
cacgattgca atgtctacag gcccagttca tgagaggcag agacaggaag accgccgaaa 
ggtcaaggat agcatggrct acgcaccgag actccagcca gggctacggt cccaagatcc 
taggtttcgg atttcgggct ttggcrcrtg agacagggcc tcrctgtg.a gccctogctg 
tcctggaact cgctcrgtag accaggccgg cctcaaacnt agagatccgc ctgactctgc 
ctttgagggc cgggacgaac gccaccactg cccaacnaag atrccactaa aaaaaaaaaa X2840 
agttcaagat aactaagagt tgccagctcg ttaaagctaa g.agaagcag tc.caggcc. 12900 
gctgcttgag gctgttctcg gcttggacct: gaaacccgcc cccaacagtg tccaagcgca 12960 
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catgactttg agcca.ctcc agagaaggaa grgaaaattg cggcccccca gtcgattggc 13020 

acacagcctc ccrccgrcta ggtaacacat ggtgacacat agcattgaac cccccaccct 13080 

gaggg.gggc ttcccccccc ctgcctcccc tggg.tggtc accccacagg acagccacag 13140 

gacagtcact agcacccact ggaaacctcr ttgtgggaac acgaagaaag agcctttgga 13200 

agatccctgg ctccccatra gggctgaaag tacaacggtt ctrggttggc cttgcctcgr 13260 

gtttacaaaa ctagccacca ctcctcaggc aaaataccga rgttgtggaa aagccaaccc: 13320 

cgtggctgcc cgtgagtagg gggtggggtt gggaatcctg gacagtgctc tatccacgga 13380 

aagcggcgga ataggaatra agggtarccc ccc----nrrnn =,^r^^-^^^ 

^^^^^^^ ccc-^ccccc aacCwCttcc tcagacccag 13440 

ccacCLCCca tgactnataa acatccaggt aaaaatcaca aacataaaaa tggctccccc 13500 

tcncaacctt ctaaagrctg cccgcctctt ccaggggtag gtctgtttct ttgctgttcc 13560 

attgccttga gagcacagac taacacttac caaatgaggg aactcttggc ccataccaag 13620 

gctcttctgg gctccagcac tctcaagcca Ctttaagaar ccccactcgg ccttca-cac 13680 

acccgccacc cccaagrggg tgtggacaac gccatggcca gcagggggia ctgtcgagoc 137I0 

gggtgccttt ccacctcaag ttgctnatag tatttaagac gctaaatgtt ctaaccaaga 13800 

gaagcactga tcrtataata cgaggataag agattttctc acaggaaatt gtctttntca 13860 

caactcttt. acaggccttg tcccgaccgt agcatagaga gaacagctgg atatttaact 13920 

tgtattccat Cttcctctgc cagcgttagg ttaaccccgc aaaaagtgac tcagtggacc 13980 

gaagaggctc agagggcagg ggacggtggg gtgaggcaga gcactgtcac ctgccaggca 14040 

tgggaggtcc tgccatccgg gaggaaaagg aaagcctagc ctctagtcta ccaccagtgt 14 100 

taacgcactc raaagt.gta accaaaataa atgtcttaca tcacaaagac gtctgtttcg 14160 

tgttcccttt tgtgtgcrtg ggctrtttar gtgtgcttta naactgctgt ggtggtgctg 14220- 

ttgttagctt tgaggcagga tctcaggccg gccttgaact tctgatcgcc rgcccctgcc 14280 

ccrgcccctg cccccgcccc tgcctccaag tgctaggact aaaagcacat gccaccacac 14340 

cagtacagca tttttccaac atttaaaaat aa.caccrag gggc.ggaga gagggctcca 14400 

gccaagagtg cacactgctc tcgggcagga cctgagttta gcccccagaa cctatactgg 14460 

gtggctccag g.ccagagga tccaggacct ctggcctcca cgggcacctg ctcctagcac 14520 

acacccacat acagatacac acataaaaat aaaatgaagc ctctaaaaac ctcctaaaac 14580 

ctagcccttg gaggtacgac tctggaaagc cggcacactg tgtaagtcca tctcacggtg 14640 

ttctggctaa cgtaagactt acagagacag aaaagaactc agggtgtgct gggggttggg 14700 

atggaggaag agggacgagt agggggagca cggggaactt gggcagtgaa aattcttcgc 14760 

aggacacrag aggaggataa ataccagcca ttgcacccac tactggacaa ccccagggaa 14820 

ttatgctggg tgaaaagaga aggccccagg taccggctgc attggctgca tttgcgtaac 14880 

atttttttaa attgaaaaga aaaagatgta aatcaaggtc agatgagtgg crgctgtgag 14940 

ctgagagctg gggtgagcga gacacgcgga caac.ccacc aaaaagcgac agaaagaacg 15000 

ggctgtggtg acagctacct ctaatcncca cctccgggag gcgatcaagg ttagccctca 15O6O 

gctagcccgt ggtgcatgag accccgcttc aaaaacttta ataaagaaat aangaaaaaa 15120 



BNSOOCID; <WO_0032773Al_IA> 



^0"«^32773 PCT/US99/27990 



10 



15 



20 



25 



30 



35 



15300 
15360 
15420 



gacatcaggg cagatccttc gggccaaagg cggacaggcg agcctcgtoc taaggccotg 15180 

tagaagcgga tgcargagca cgtgccgcag gca.catgag agag^cctag graaataaog 15240 
atgga.gnga gcgcg.cggc gtcggcgcac tgcacgcccr ggccg.ggcg ccggactggc 
acctctgg-s agctgcggag gggaaatggg cagggagacc araaaacccc nccgaatta- 
cccaagaact gtctattaca attatctcaa aata.raaaa aaaaagaaga accaaaaaac 

aaaaaacrcta nccaggtgtg grggcgcgca cctacagcca cgggcacrrg gaaagctgga 15430 

gcaagaggat ggcgagcr.g aaggtatctg gggccgtaca gcaagaccgt cgtccccaaa .5540 

ccaaaccaaa cagcaaaccc atna.gccac acaagagtgt tcatagrgag cggcctcgcc 15500 

gagagcatgg ggtgggggtg ggggcggggg acagaaacat ccaaac.gca gccaataggg 15660 

atccactgag accctggggc r.gactgcag cttaacctcg ggaaatgata agggcrtcgt 15720 

gtcgagcaaa agcancgatt actgacttaa cc.caaatga agaaaaagaa aaaaagaaaa 15780 

caacaaaacc caaaccaagg ggctggcqao acaacrraor or,.,.- = 

~ - - ^~ >-au^^ a-^(_yaccgc 

cc-.ccrcgaag gcccagagtc caaaccccag caaccacatg gcggctcaca accatccgca 
acgagatatg acgccc.ctt crggtgcgtc tgaagacagc tacagtgtac ccacatacaa 
taaataaatc ctaaaaaaaa aaaaaaaaaa aaaagccaaa ccgagcaaac caggccccca 
aacagaaggc aggcacgacg gcaggcacca cgagccatcc tgcgaaaagg cagggctacc 
catgggccga ggagggrcca gagaganagg ctggtaagct cagtttctct gcacaccctr 
tccctcgccg acactacctc aattacagac aaaataacaa ataaacaaaa rctagagcct 
ggccactc.c tgcccgcttg atctttcctg tcacgtccag caggtggcgg aagtgttcca 
aggacagatc gcatcacraa ggtggccagc ataatctccc atcagcaggt ggcgccgcga 
gaaccattac ggtgctcaca gaa.cccggg cccaggagct gccctccccc aagccrggao 
caataggaaa gccttccggc ccagacaggg ttaacagtcc acaccccaga gcaggggaal 16440 
aggagactgg aggtcacaga caaaagggcc agcttccaac aacttcacag ctccggtagg 16500 
agagatagac cacccccaac aatggccaca gctgg.tttg tccgccccga aggaaaccga 
cttaggaagc aggtaccaga gtcccccccc tgaggggact tctgtctgcc ttgtaaagct 
gtcagagcag ccgcattgat gtgrgggcga cagaagatga aaaggaggac ccaggcagac 
cgccacagat ggaccggcca cttacaagcc gaggcagg.g gcagagcctt gcaoaagctc 16740 
tgcaggtgga cgacaccgat tcaccaccca gttagcatac cacagcgggc taggcggacc 16800 
acagcctcct tcccagtctt cctccagggc nggggagtcc cccaaccttc tgtcccagtg 
cagctcccgc cagcccctcc cccctttgca cctcaggtgt gaaccccccc tcctctcctt 
ctccccgrgg catggccctc ctgctactgc aggccgagca ttggarttcc ttgtgcctag 
atagacctga gatggctc.c tgatttanac atacatatcc atcccntgga tcctacacct 
aggacccaga gctgttcgtg ataccataag aggctgggga gacgacatgg caagagtgcc 
tgctgtacaa gcacgaagac a.gagttcga atccccagca accargngga aaaataacct 
tctaacctca gagttgaggg gaaaggcagg tggattctgg gggcttactg gccagctagc 
cagcccaacc caaacgcctc agtcagagac cctgtctcag ggaataactt gggagaatga 
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ctgagaaaga caccccctca ggrctcccat gcacccacac agacacacgo aogggooaca 
atgtaacaag ctaagaaata atgagggaaa cgac.ttrtg ctaagaaa.g aaattc.a.o 17400 
ttggccgcaa gaagcccggc cagggaagga acngcccctg gcacaccagc ctacaagcca 17460 
ccatgagtcc cctggctaag aaccacacg. aacggagccc aggtccctct tgcccgg.go i75->0 
ntgcctcccc cactggtrrc gaagagaaac ccaagagaga tctccccggc cagaattgt^ 
ggtgctgagc aacgcggagc tggggtcaat gggacrccct caaaggcacc ccccccaogc 
ctgggtcata ct.caatagt agggtgctrg cacagcaagc gtgagacccr aggttagaac 
ccccagaatc cgcccccaac cccccaaaaa ggcaccctrc cgcctccggg toggtggago 
gagcaaacac ctrtaaccaa gaccatcagc Cggcaggggc aacaaatgac crcggccaga 
ggaatctggr caagccggat tccgccc.ct gtagaagccc cac.tgtttc ctctoctaao 17880 
ctggcccaca gtrcgt.ttg agaacgcctg aggggcccag ggagccagac aatcaaaagc 17940 

caagctcatc ccgatacccg aaaaccacaa ccra^r^rrrr-r- . 

z.-- w_a^'-'-a>-yy gaggcaccgg 

gagagctggc tgtgtccctg cctcaccaac gccccccccc ccaacacaca cccctcgggt 
cacctgggag gtgccagcag caa.ttggaa gtrtactgag cncgagaagc cttgggaogg 
ccgacgcnaa gcacacccct tccccacccc cccccacccc acccccgtga ggaggagggt 
gaggaaacac gggaccagcc ctgctccagc ccgtccccat tggctggcat gaggcagagg 
gggctttaaa aaggcaaccg tarctaggct ggacactgga gcctgtgcta ccgagtgcrcc 
ccctccacct ggcagcacgc agcccccacc agccccgtgc ctcatctgcc tactcgtgca 
cgctgccttc tgtgctgtgg agggccaggg gtggcaagcc C.caggaacg atgccacaga 
ggccatccca gggcttggag agraccccga gccccctccc gagaacaacc agaccatgaa 
ccgggcggag aatggaggca gaccccccca ccarccctat gacgccaaag atacgggatg 
aagaagcaca ttagtggggg ggggggccct gggaggtgac cggggtggct tcagcacc^t 
cttcagaggc ttgcgtgggt ggccagcccc tgccacacca gggcagggac acatctgccr 
ggaagaatac tagcacagca ttagaacctg gagggcagca ctggggggcc ggcagagagc 
acccaaggca gggtggaggc cgaggrcagc cgaagctggc atcaacacgg gcatgggctt 
gtatgatggt ccagagaatc tccccctaag gatgaggaca cagg.cagat ccagctgctg 
accagtgggg aagcgacatg gtgaggctgg acgccagatg ccatccatgg ctgtactata 
tcccacatga ccaccacatg aggcaaagaa ggccccagcc tgaagatgga gaaaccgaga 
ggctcctgag ataaagccac ctgggagcaa gaagagctga gactggaagc tggtttgatc 
cagatgcaag gcaaccctag atcgggctcg ggtgggaacc tgaagccagg aggaatccct 
ttagttcccc cctgcccagg gtccgctcaa tgagcccaga gggccagcat taaaagaaca 
gggtctgtag gcggcatgcg acatgagggg cagccgagtg aaacgtcccc tg.acgagca 
caggtggcac cac.tgcccc gagctcgcac cctgacccca gcttcgccrc attcctgagg 
acagcagaaa ctgrggaggc agagccagca cagagagatg cctggggtgg gggcgggggc 
atcacgcacg gaaccagcag caatgaatgg ggcggggtgg cagctggagg gacaccccag 
agaaacgacc t.gctggcca ccattcgcgc gggaggagag ctcacttrcc agcttgccac 
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cacatgccg. ccczcazgzc tcccagccag caagggargc ggaggaaagg gccaccccaa 1950C 
aggagcazgc aatgcagtca cgrccttgca gaggaagcgc ttgacctaag ggcaccattc 19560 

ttggaaagcc ccaaaactag tccttccctg ggcaaacagg cctcccccac araccaccrc 13620 

tgcaggggtg agtaaatcaa gccagccaca gaagggcggc aaggcctaca cctccccccc 19680 

gccgtgcccc cccccccccc gtgaaggcgc atcccggcct ctgcccccct ggccttggta 19740 

ccgggat.tr ttttttcctt ttargtcata ttgatcctga caccatggaa cttttggagg 19800 

tagacaggac ccacacatgg attagttaaa agcctcccat ccatctaagc tcatggtagg 19860 

agatagagca tgtccaagag aggagggcag gcaccagacc tagaagatat ggctgggcat 19920 
ccaacccaat ctccttcccc ggagaacaga ctctaagtca gacccagcca cccttgagta 
accagctcaa ggtacacaga acaagagagt ctggtataca gcagg-gcta aacaaatgct 
tgtggtagca aaagctatag gttttgggtc agaactccga cccaagtcgc gagtgaagag 

cgaaaaaccc cczaczccirn snr'i-,r~r-r~r-r,r^ . — . . 

= ^---3^ v.v--^c.v_ui.yy ggtcctataa cagatcactt 

tcacccttgc gggagccaga gagccctggc atcctaggta gccccccccg cccccccccc 20220 

gcaagcagcc cagccctgcc tttggggcaa gttcttttct cagcctggac ctgtgataat 20280 

gagggggttg gacgcgccgc ctttggtcgc tttcaagtct aatgaattct tatccctacc 20340 

acctgcccrr ctaccccgct cctccacagc agctgtcctg atttattacc ttcaactaac 20400 

ctccactcct ttctccatct cctgggatac cgcccctgtc ccagtggctg gtaaaggagc 20460 

ttaggaagga ccagagccag gtgtggctag aggctaccag gcagggctgg ggatgaggag 20520 

ctaaactgga agagtgtttg gttagtaggc acaaagcctt gggtgggatc cctagtaccg 20580 

gagaagtgga gatgggcgct gagaagttca agaccatcca tccttaacta cacagccagt 2064 0 

ttgaggccag cctgggctac ataaaaaccc aatctcaaaa gctgccaatt ctgattctgt 20700 

gccacgtagt gcccgatgta atagtggatg aagtcgttga atcctggggc aacctatttt 20760 

acragatgtgg ggaaaagcaa ctrtaagtac cccgcccaca gatcacaaag aaagtaagtg 20820 

acagagctcc agtgtttcat ccctgggttc caaggacagg gagagagaag ccagggtggg 2O88O 

atctcactgc tccccggtgc ctccttccta taatccatac agattcgaaa gcgcagggca 20940 

ggtttggaaa aagagagaag ggtggaagga gcagaccagt ctggcctagg ctgcagcccc 21000 

tcacgcatcc ctctctccgc agatgtgtcc gagtacagct gccgcgagct gcactacacc 21060 

cgcttcctga cagacggccc atgccgcagc gccaagccgg tcaccgagtt ggtgtgctcc 21120 

ggccagtgcg gccccgcgcg gctgcrgccc aacgccatcg ggcgcgtgaa gtggtggcgc 21180 

ccgaacggac cggatttccg ctgcatcccg gatcgctacc gcgcgcagcg ggtgcagctg 21240 

ctgtgccccg ggggcgcggc gccgcgctcg cgcaaggtgc gtctggtggc ctcgtgcaag 21300 

cgcaagcgcc tcacccgctt ccacaaccag tcggagctca aggacttcgg gccggagacc 21360 

gcgcggccgc agaagggtcg caagccgcgg cccggcgccc ggggagccaa agccaaccag 21420 

gcggagctgg agaacgccta ctagagcgag cccgcgccta tgcagccccc gcgcgatccg 21480 

attcgttttc agtgtaaagc ctgcagccca ggccaggggt gccaaacttt ccagaccgtg 21540 

tggagttccc agcccagtag agaccgcagg cccttctgcc cgctgcgggg gatggggagg 216OO 
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gggtggggct cccgcgggcc aggagaggaa gccrgagccc cagactctgc czagccccgg 21S50 
gcgggacggg gg-ccttcra cccccgccgg acccaracag gacaaggcag tgcccccacc 21720 
ccaaagggaa gggagcgcgg aacgaaagac ccgggaccgg tcacggacgc acagcaagat 217S0 
ctaccccccc cacccaaatg caaagcctgc gtgggcnaga cagggtctcc gaccctgacc 21340 
cggccaccga gtgtgacgct gggctacgcg gcrcrcctct ggtacggrct tccccgcaaa 21900 
atagggaccg gaaccctgcc gagactccaa ggartggggt accccgcgca gactggtgag 21960 
agagaggaga acaggggagg ggrtagggga gagatcgcgg cgggcaaccg cccagaagaa 22020 
gctgctrgct ggcccccagc crcgccgcct cagaggtt-g gcntccccca crcctccctc 22080 
tcaaatctgc cczcaaazcc acatctggga tagggaaggc cagggtccga gagatggcgg 22140 
aagggccaga aarcacactc ccggcccccc gaagagcagt gzcccgcccc caaccgcctc 22200 
gccatancgc aaagggattt tctacacaac agrtcaaggt cgctggagga aactgggctc 22260 
gccagrcacc tcccacc=tt gccccctgcc aggacaccac cccctgcccg ccacccacgg 22320 
acacacttcc gtccagaaac agagcgtcgt cgcgc-gtcc cctgagacag catatcttac 22380 
attaaaaaga ataacacggg gggggggggc ggagggcgca agcgctacac atatgccgag 22440 
aagctgccag gcgccacagc accacccaca arcctcctgt aaatcatttc cagacacc-c 22500 
Ctactctctg tgcagacctc aattgctaaa aggggaggag agagagcgtt tgtaacagaa 22560 
gcacatggag gggggggtag gggggttggg gcrggtgagt ccggcgaacc ttccatgtga 22620 
gactcaccca caaagactga aagccgcgtt tttcttttca agagttcagt gacacatcta 22680 
ctcccccact taagctactt atgccaacat tttcttcttg tagagaaagg cagcgttaac 22740 
atcgctttgc gaagcacaag tgtgcgcggt tttccgcttc ctgtttttcc cccgaccaga 22800 

ggcactgtta acaaagacaa tgaaccccga gcaggaggct gcggccttgt tttgtcaacc 22860 

acacacaatg tctcgccact gtcatctcac tcccctccct tggtcacaag acccaaacct 22920 

tgacaacacc tccgaccgct ctctggcagc ccttgtggca acacgtgttc ccttcgaaaa 22980 

gccacactca tccccccctt tgcaaacccg gctcccatcc cccagctggg Lcaccgccat 23040 

accctcaccc cagcccccct ttagctgacc actctccaca ccgtcttcca aaagtgcacg 23100 

tttcaccgag ccagttccct ggcccaggcc atcccactgc tcctcctcgc cccagacccc 23160 

tctcccacaa agatgctcat ctcccactcc atcaagcccc agtggccctg cggccacccc 23220 

tgtctcttca gttagccgaa tctacctgct gacaccacac gaatnccttc ccccgcccta 23280 

aggctcatgg aaccctcgcc tgcccctgaa ccccccagga ccgccccagc gtctgatgtg 23340 

tccccccccc cgtaaagccc caccccacca ttcgaccccc aatcctagac ccccccccgc 23400 

tcattccttc acgggacagt gtctcacctg gccaagcccc gcttgacact gggacaaacg 23460 

caaagccaag tacaaccgag gaccagtcca tcactgggcc aagcttcctc aaaacgcgaa 23520 

ttccacaccc atagaagcgt aaaagccccc caaagcagag gcaatgcccg gcrcttccct 23580 

caacatcagg gctcccgcct tacgggcccg gcggggtagc acatccataa acccaacact 23640 

aggggcgtga aagcaagacg accgggagcc cgaggccaac cttggccacg aggccctgcc 23700 

ccaacccctc ccccctcccc ccagggcctt gtttcgtttc gttctctcga cccgaaaccg 23760 
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caa=acrrra aacccagcca ag^gcaccr-. tgcgrgaggg gaactccacc cccaataraa 
gccccca-cc cgacttgtgt argtgcacac tgggggttga acctgggccc ctgnacrctgc 
cgggcaagct ccctiactgcc ccaaacccag ccc-caccgg crtcctgcet caacccccaa 
cgaacrcccc naaatgaact accaatacca tgrcrtctgaa aaataccatc gagtgccgrr 
gg^gcccctg tgg-tccaga t-.ccaggaag gacttcccag ggaarccagg catcccQaaa 
aatgtcctag agcaggaggc ca-.ggagacc tcggccagcc ccacaaggca gcgtggcgca 2412C 
gagggtgagg anggaggcag gctcgcaatt gaagctgaga cagggcaccc aggattaaaa 24180 
agcctccccc aaaacaaccc caagaccagt rcccggtact tgcacccgct cagctacgca 24240 
gagcccagtg ggcataggtg aagacaccgg ccgcacrgnc atgtactaac tgcgcctcag 24300 
agccggcaga gacaaataat grta.tggtga ccccagggga cagtgatccc agaaggaaca 24360 
cagaagagag ngctgccaga ggctgcctga aggagaaggg gtcccagact ctctaagcaa 24420 

agacLCcact cacataaaaa cacaarrr-r 

rT--i^-^v,uyy v_(„yugyacgc agggagccca 24480 

cccacca-cc cccagcatgc ccctgtatcc ccatcacarg ccagggatga ggggcaccag 
agagtccaag tgatgcccaa acccaaacac acccaggacr tgctntctgg gacagacaga 

tgcaggagag actaggttgg gctgtgatcc cactaccaca aagagggaaa aaacaaaaaa 24660 

caaacaaaca aacaaaaaaa aacaaaacaa aacaaaaaaa aacccaaggt ccaaattgta 24720 

ggtcaggcta gagtttattt atggaaagtt atattccacc tccatggggt ccacaaggct 24780 

ggcgcccatc agaaagaaca aacaacaggc tgatctggga ggggtggtac tctacggcag 24840 

ggagcacgcg tgcctggggt acagccagac acggggcttg tactaaccac agggcrccgta 24900 
tcaataggct gagagtcaag cagacagaga gacagaagga aacacacaca cacacacaca 
cacacacaca cacacacaca catgcacaca ccactcactt ctcacccgaa gagcccctac 
ttacattcta agaacaaacc attcctcccc ataaaggaga caaagttgca gaaacccaaa 

agagccacag ggtccccact ctctctgaaa tgacrtggac tcgccgcagg gaagacagag 25140 

gggtctgcag aggct-.cccg ggrgacccag agccacagac actgaaatct ggtgccgaga 25200 

cccgtataaa ccctcttcca caggctccct gaaaggagcc cacattcccc aacccngtcr 25260 

cccgaccact gaggatgaga gcacttgggc ctLccccatc ctcggagcgc accctggttt 25320 

ccccatctga gggcacatga ggtctcaggt ctcgggaaag tcccacaagt attgaaagtg 25380 

ttctcgcttt gtttgtgatt taanttaggc gtargagtgc ttttgcctga ataratgcct 25440 

gtgtagcatt tacaagcccg gcgcctgagg agatcagaag atggcatcag acaccccgga 25500 

accggacttg cagacagcta tgagccaccg tgtgggtgct aggaacagaa cctggatccc 25560 

ccggaagagc agacagccag cgctcttagc cac.aagcca ccactgaggt tctctctgtg 25620 

gctaaagaga caggagacaa aggagagtrt cttttagtca ataggaccac gaatgctccc 25680 
cgtaacgtga gactagggca gggtgatccc ccagcgacac cgatggccct gtgtagctat 
tagcagctct agtcctattc ctcaataagc cccagtctgg ggcaggagat atgtaccccc 

tgctttgaag tggctgaggc ccagttatct acttccaagt acccgtttct ctttccggag 25860 

tcggggaagc tccccgccrg cctg.aaatg tgtccactct tcaacctcag acaagatcac 25920 
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tttccctgag cagtcaggcc agtccaaagc cc.tcaatct agccrccaca aggaacaccr 25S30 
cctctgttgg gtggaggtag cactcgcctt gaatcccagc ac-.aagaagg cagagacaar 26C40 
cggatctc-.g tgagctcaca gccagcctgg tccacggag. gagttccaag acaaccaagc 26100 
ctacacagag aaaccctgtc tcgaaaaaaa caaaaacaaa agaaataaag aaaaagaaaa 26160 
caaaaacgaa caaacagaaa aacaagccag agcgctcgcc cccg-.acrct atcaaccata 26220 
tttttgcccc ttcgcca^cc tagaccaaaa gactcgggaa agcaggtctc tctccg-crc 
tcatccggac acacccagaa ccagatgtat ggaagatggc taatgtgctg cag-tgcaca 
ccrggggccg ggrggattgg ccagatggca ngggctgggt gcggrtacga tgaccgcagg 26400 
agcaaggagc argtggtgca cagcaaacga ggaagcctgc acagaacaac accgcg.gra 26460 
ctgatgcgca ggcangggca cacgcaagca gaagccaagg gacagcrctta gggragtgcr 
tccacagacc ccrcccccct ttcaacatgg gcatctcrca trggcctgga gcc.gccaac 

tgggctgggc tggctagctt anaoatacr^ nnrr^^ r^^^.^^ ^ . 

tgggattaca gtcatatatg agcacacctg gctnttttat gtgggttctg ggcrtngaac 
ccagatctga gtgctcgcaa ggcaaccggt rgaatgactg cttcatctcc ccagaccctg 
ggattctacr ttctattaaa gtatttctat taaarcaatg agcccctgcc cctgcactca 
gcagttctta ggcctgctga gagtcaagtg gggagtgaga gcaagcctcg agaccccatc 26880 
agcgaagcag aggacaaaga aatgaaaact tgggattcga ggctcggga. atggagatac 26940 
agaaagggtc agggaaggaa atgaaccaga cgaanagagg caggaagggt agggccctgc 
atacatggaa cctggtgtac acgttatcng catggggtt. gcactgcaat ggctcttcag 
caggttcacc acactgggaa acagaagcca aaaagaagag taggtggtgt rggagtcaga 
tactgtcagt catgcctgaa gaaarggaag caattaacga tgcgccgcaa craggatatt 
agctccctga agaaaggcaa gaagctgggc tgtgggcact gaagggagct ttgaatgacg 
tcacattctc tgtatgccta gcagggcagc artggagact gagacttgac ttgtgtgtcc 
atatgattcc tccttttcct acagtcatcn ggggctcctg agctncgtcc ttgtccaaga 
acctggagc. ggcagtgggc agctgcagtg atagatgtct gcaagaaaga tcrgaaaaga 
gggaggaaga tgaaggaccc agaggaccac cgacctctgc tgcctgacaa agctgcagga 
ccagtctctc ctacagatgg gagacagagg cgagagatga atggtcaggg gaggagtcag 27540 
agaaaggaga gggtgaggca gagaccaaag gagggaaaca cttgcgccct acagccactg 27600 
actgagtacc agccgcgtgg cagacagcca atgccaaggc tcggctgatc atggcacctc 
gtgggactcc cagcccagtg ctggcagagg ggagcgcnga atggtgcatg gtttggatat 
gatctgaa.g nggtccagcc ctagcetcct tccagtcgct gggataaagc acccrgacca 
aagctacttt tttgtttgtt tgttttggtt tggctttgtt tggttttccg aggcagggtt 
tctctgtatc accctagctg tcccggaact cactccgrag accaggctgg cctcgaaccc 
agaaatcccc crgcccctgc ctcccaagtg ctggaac.aa aggcctgcgc caccaccgcc 
ggcccaaagc nactttaaga gagagagagg aatgtataag tattataart ccaggttata 
gttcattgct gtagaattgg agtcttcata tcccaggcaa tctcccacag acatgccaca 
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aaacaac.rg t.c.acgaaa rc-.ccca.gg actccctrcc ccag.aa.cc .aaactgt.c 2314^ 

caaatctaca agaaacagng acagtcacag cc.craacgt .c.gggcacg aacccgaag-. 28200 

ctcaccgcta agtac.ggga agatgaaaac tccacctagn gccagcan.t acaacagagc 23260 

crtcgggatt cgaga.ggtc ttcrgcagag crcccaacgg ccacatggag agagogpgcc 

tgggagagac ccacacacc-. tccgccgcct catg.cacct gacctgcccc tcgggaagc- 

ctagcaagaa ggcctccccc ggatcaccca ccaccccgca ccrccagaac tcagagccaa 

attaaaccct ct.gttaccg rcgtcaaagc acagtcggtc cgggctgtat caccgtcaat 2850C 

gggaaacaga ct.gcccgga tggataacct gcaca.egca taatg.ctag aaatgaaaag 28560 

cccracagag aaaaagaaaa tcagccggca cacagataga ggccccggag gaggctggct 28620 

tcgccctccc cgaggaggtg gcgagtaagg tgtaaatg-c cacaaa-ar^ 

a aacL^^u ^ocggaugta aacgggccca 28680 

catatgaggg tctggggtaa caagaaggcc tcitqaatata a^o-^-^t-^~ 

V. >-ai.ydacai:a aag^actgaa ggtatgncta 28740 

gcctggagaa ggtcactaca aaaa^rmrr- ^=, = ^, 

- _ ^ ---^wv-ayuy (-•(.•c-dcacaca cacacacaca 28800 

cacacacaca cacacacaca cacacacaca ccacaaagaa aaaaaggaag aaaaatccga 28860 

gagcaagtac agtacctaaa atcgtgrgat cgtgcgrgtg actctgacg. caca.gctca 28920 

tctcgcccta tgagttgaaa accaaa.ggc ccctgagagg cataacaacc acactgttgg 28980 

ctgtgtgctc acg.ttctct taaagcgtcc g.ctggttcg ctgctagcat caggcagact 29040 

tgcagcagac .acatatgct cagccctgaa gtccttctag ggtgcatgtc tcttcagaat 29100 

ttcagaaagt catctgcggc cccaggaccg cctgcactct ccccctgccg cgaggcngca 29160 

gaccctaggc tggggnggaa gcaacgctta cctctgggac aagtataaca tgttcgcttt 29^20 

20 tctctcccc .gtggctcca acccggacat aaaatagatg caagcrgtgn aataaatatn 29280 

tcc-cccgtc cacctagttc tcaacaataa ccactctqaa aacarr-^rr 

-a^i.._i.yag agcactuatc aataggtagc 29340 

ttagacacaa gctctggctc attcccccac tagctcttac ttctttaac. ctttcaalc^ 29400 
attccgtgtc ctccacacgg ttagtcacct ctccctccat cccggntcgc ttccccc.tc 29460 
gagrcgccct cagcgtctct aggtgatgct tgtaaga.an tctttctaca aagccgagag 29520 

22 tggcggcact ccgggagttc aaagccagcc tgacccacac ac.-;,^^.-.^ 

a "-yauccacac agcaagcccc aggatatcca 29580 

gggcaatgct gggaaaaccc ttcccaaaca aaaagaqqaa ttcac^^ro^r- 

aaayayggg cccagccgtc aggaggagac 29640 

ccatgggtta agaagtccag acgagccatg gtgatgcata ccttccaccc aagcacctag 29700 

gaggcaaaga aaggtgaaac tctttgactt tgaggccagc taggctacac agtgataccc 29760 

tgcttagtgc gtg.gtgtgn gtgcgtgtgt gtgtgtg.gc g.gcg.aatt caaaagtcta 29820 

aaaacgcatt cctccaaaaa tatgtataag tactcgcctg cacatatgca tgtargtatg 29880 

tataccatgt gtgtgtccgg tgccgaagga ctaggcatag actccccaga actagagtca 29940 

tagacagc.g tgacaccccc caacccccca cca.gcgggc gcc.gaagct aaacccctgc 30000 

ccrttgtaaa gcagcaggcg tctacgaacc ccgaacca.c tccccagtcc ccagatgtgc 30060 

actctcaaag aggagccctc catarttccc taaactqaa- atr-rrsr.-, ^- 

atccccacca gcgagcatcc 30120 

tcgagccacc aaagctaccg caaaccctcc tagggaacat ccactatcca cccccactng 30180 
gctcacgaaa cttaagtaca cacacacaaa cacacacaca cacacagagc catgcactca 3024 0 
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caaaagcacg catgtacacc ac-.cccatra gactacgccc cgcraaaaga c.c.cccaga 30300 
tactttaaaa caccacccct gccrtcnggt gggcaggrcc caagattggc actgacgtar 30360 
rggaaaccga acaaggtaga gacctagaaa tcacagcagg tcagaagggc cagcccgcac 30420 
aagagagagc tccacaccct ccaggaacac tgagcagggg gccgggaccc tgcctcrcao 30480 
cccaagaaac cagtgcgttr cccgcatgca cgcctcccag agatcccaca agatccgcc- 
cccgccataa gatctcctgc: acccagacaa gcccagggga aattgagagg ccgcccgagt 
ctctcccaca ggccccttct tgcccggcag tactttttta tctggaggag aggaatcaag 
gtgggaatga tcaaacacaa tcaccaagga aaaagtaaaa aacatatata tatacatatt 
aactgatcca gggagctggc tcagcagcta agag.tccgg cngcccctgc rtcagatctr 
gctcrgactc ccagcaccca cacgatggct ttcaactgra tccctgcctc caggggatcc 
aacagcctcr tctgacctcc atagacaaga cccagtcccc .gcaagagca ccaaacgctc 

tCatCtgttQ arCCatCtCt ^^rrr^r-i- r-^r- ^ . . 

a^^ayauudL Lcaaaacrac tggacaccgr 

cccattcrac gaagatgcca ctgcccagtc arttgccatg agcggatact tcgactctcc 
ccatgtcctc accctcgcaa crtacaagaa agacatctgc acttgtctcc tgagagaaca 
aagggtggag ggccactgag atggctccag gggtaaaggc gcctgccaca aaatccgaca 
acttaagrtt ggccccggaa tccacatggt ggagagagag aagagactcc cgcaagctgt 
cctcaaactt cccacacatg tgctgtggct tacgcgtaac cccaataagt aaagatagcc 
tcaaacacta cacaaggtag ggtttcctca tgaccccaag gaacgatgcc cccgatagag 
cttatgccga aaccccatct ccantgcgcc atctggaaag agacaattgc atcccggaaa 
cagaatcttc atgaatggat taatgagcta tcaagaaagt ggcctggtta ttgcacatgc 
tggcggcgta acgacctcca ccacgatgtt atccagcarg aaggtcctca ccagaagnca 
tacaaatcct ctcaggcttc cagagtcgtg agcaaaaaaa gcacacctct aaataaatta 
actagcctca ggcagctaac caccgaaaat gaaccaaggc agccctaata caaaaccact 
tcccttccct gttcaaacca cagcgcccca tracctaaaa gacaaacttc aagccaagct 
tttaggtcgc cagcatttat gtaacaacaa ggcccgttga cacacatctg taacccctag 
taccgggcct caggggcaga gacaggcgga gccctggagt ttgaattcca ggttctgtga 
gaaactccgc ctgaaaagac aatatggtga gtgacccggg aggatatctg atactgactr 
crggccaaca cacagccatc tctgcacatc cgtagttgca agccttccgc actaagtttg 
gccagagtca gagtttgcaa gtgccrgtgg actgaatgca cgtgttgctg gtgatctaca 
aagtcaccct ccttctcaag ctagcagcac tggcttcggc cagctgctca ttcaagcctc 32040 
tttgcagagt catcacgggg atgggggagc agggcccctc cctagaacac caagcctgtg 32100 
gttgrctact caggacatca ttgagggcca agatgacaga taactctatc acttggccaa 32160 
cagtcgggtg ttgcggcgtt aggtcatttc cgtgtctgca gaaaacagtg caacctggac 32220 
aaaagaaata aacgatatca ttttccactc aggcaaccag attccgtggt acaaaaggct 32280 
cccrggggaa ogaggccggg acagcgcggc tcctgagtcg ccarctccgt c.gccaactt 32340 
ccctaatctc ttgatttcct ccctctgtct gtctccrtcc tcttgctggg gcccagtgga 
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gtctgtgtac ccacagggag gaggg.ggca aagccccggt ccccracggg ctoogggaaa 32^60 
gggggaagcc gccggcccag tgacttttcc cccrccctcc ccrtcetaga aaccag.crc 325^0 
aatttaagac aacgag.ctc c.cattcacg tgtgctcact at.ca.aggg actcacccac 32580 
ccccgccctg ccaacctggc taagcaagac aagrcaaatt caaaagggaa cgttttccta 326.0 
aaaatgcggc cggaccgtgc gccggcacga aaccragggat ggcggtctaa gctacatgct 
ctctgccagc cccggtgcct cntcctttcg gaaaggagac ccggagg.aa aacgaagttg 
ccaacttttg atgacggtgt gcgccgggeg acrctttaaa atgtcaccca tacccgggat 
agggaaggcc cctcagggag tcatctagcc ccccctccag gaaaagattc cacctccggt 
tcagttagcc tccacctggt ccctcacccg crgtctctgc ccaccagtcc tcatccatcc 
ggtttccgcc crcacccacc t.gcccnrrt agttcctaga aagcagcacc gtag.ccrgg 
caggtgggcc accggtcact ccgctaccac tg.caccatg gccaccaagg tgccatttaa 

atatqaqctc Bcnaaar r^rt- nrr^ryr^^^^^^ , . . 

' " ^ ^ :=-3rT^--^^^ u^^yu-.yyra auatgctrgc tgcaaaatcg 

.gagaactgg ag.ncaa.rc ccagcacatg ga.g.acttc cagcacc.gg aaggcagoga 
gcagagatct taaagctccn ggccagacag cccagcctaa t.agtaacca gcaagagacc 
ctgtctcaag aaacaagatg gaacatcaaa ggtcaacctc .Lgtctccac acacacaaar 
acacacatgc acatacatcc acacacaggc aaacacatgc acacacctga acaccctcca 
caaatacata cataaaaaaa taaatacata cacacataca tacatacacc aacattccct 
ctccttagtc tcc.ggctac gcnc.tgtca cccccactaa ggcctcaact tcctctacc. 
cttcatcttg actcctctgt act.tgcatg ccttctccag caaaggcttt tctttaaatc 
tccgtcactc anaaactccc tccaaatttc ttcccccgcc cttrtctttc tctctaggga 
gataaagaca cacactacaa agccaccgtg ggaccagttt attcacccac ccacccctgc 
ttctgttcat ccggccagcc aagtagtcca acctccctgg tgctgtaccc tggaccctgg 33720 
ctncaccaca gcrcccccac gccacccagc cctgcaaacc ttcagcctag cctctggttc 33780 
tccaaccagc acaggcccag tctggctrct atgtcctaga aatcccctcc ancctctcca 33840 
tttccctcct gaatccacca cctcctttct ccctcctcct gacctctaat gtcntggcca 33900 
aacgattaca aggaagccaa tgaaattagc agcttggggt acctcagagt capcaggaga 33960 
gctgggatga attcacattt ccaggccctt gctrtgcncc ccggattc.g acaggcagct 34020 
ccgaagctga gtccaggaag ctgaatctaa aatcacactc cagctgggtt ctgaggcagc 
cctaccacat cagctggccc tgactgagct gtgtctgggt ggcag.ggtg ctggtggtgc 
tggtggtgct ggtggtggng g.ggnggtgg tgg.ggtggc ggnggcggtg tgtgtgcgtg 
ttttctgcrt rcacaaaact tttctaattc ttacacaaag gacaaarctg cctcatatao 
gcagaaagac gacttatgcc tatataagac ataaagatga ctttatgcca cttattagca 34320 
atagttactg tcaaaagtaa ttccatttat acacccttac acatggta.t gcctttgttg 34380 
gagactctaa aatccagatt atgnatttaa aaaaaaattc cccagtcctt aaaaggtgaa 
gaatggaccc agatagaagg tcacggcaca agtatggagc cggagcgrgg agtcctgcca 
atggtctgga cagaagcacc cagagagggt ccaagacaaa tgccccgcct cctaaggaac 
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actggcagcc 


ctgargaggt 


accagagatt. 


gctaagcgga 


ggaatacagg 


ar cagaccca 


34620 


tggaggggcc 


caaagcgtga 


ctgtagcagc 


cczccgccga 


ggggctccag 


grgggcgccc 


34 6 8 0 


aaggtgctgc 


agrgggagcc 


acatgagagg 


Lgatgccttg 


gagtcaccrc 


gggt accac t 


34 7 4 0 


gtttagggag 


gtiggggattt 


gtggcgtgga 


gacaggcagc 


crcaaggatg 


ctt c ucaaca 


34 8 0 0 


atggctgatg 


agttggaact 


aaaacagggg 


ccaccacact 


ggcr cccata 


gcc c t aggcc 


34860 


tgccagcttc 


cacatctgcc 


ccccaccccc 


tgtctggcac 


cagcncaagc 


t cngtgac t c 


34 92 0 


tacacatcca 


aaagaggaag 


agtagcctac 


tgggcacgcc 


acctcttctg 


gaccat caog 


34980 


tgagagtgtg 


gcaagcccta 


ggcccctgtc 


caggargcag 


ggctgccaga 


t aciqa t act c 


-J -> u 


agctatctcc 


tgagctggaa 


ctattctagg 


aacaaggatr 


acgccrcgccc 




^ -J ± \j \j 


agcaccccag 


cagcctgtgc 


ttgcgtaaaa 


gcaagcgctg 


ttgatttatc 


taaaaacacra 


3 516 0 


gccguggacc 


cacccacagg 


acaagcatgc 


atgcatctgt 


ttcacgcatc 


tgaaaagcga 


J ^ ^ ^ Lf 


cacaaccat t 


tttcacatca 


tggcatcttc 


ccaaccccca 




i_ L tl II CJ V V n i~ 


^ U 


t tgagacagg 


guttctctgt 


gcagtcctgg 


ctgtcccgga 


actcactttg 


taaaccacfcir" 

V- u >^ i.^ W y ^ 


"1 cr -3 ^ 
J J J *s VJ 


tggcctcgaa 


ctcagaaatc 


ctgggatcaa 


aggngtgtgc 


caccacgccc 


crqccc t aa rr* 

^ w W L« L-A ^ ^ 


■3 cr 4 n 0 
J _) 'x VJ u 


cccatcctca 


acggtgatcc 


agtggctgaa 


atttcgggcc 


acacacargt 


Cca t f a era a ;^ 


J J ^ 0 u 


ttagctgccg 


tcttctgagc 


tacctggtac 


aatctntatc 


CCCtqqqacc 


*-3yy*— ^y 


•3 c c -) n 

J D D ^ U 


atccctgact 


cgggcccgat 


caagtccagt 


tcctgggccc 


gatcaagtcc 


agctcctggg 


35580 


cccgaacaag 


cccagtccct 


agctcgatta 


gctcatcctg 


gctccctggc 


ctgttcttac 


35640 


ttacactctt 


ccccttgctc 


tggacttgct 


gctttcttta 


cecaagttgt 


ctgccacagt 


35700 


ccctaagcca 


cctccgtaag 


acaaccaaga 


taatacttcc 


ct caagcacg 


gaaagtcccg 


35760 


agtcaccaca 


ccctcuggag 


gtgtgtggac 


acatgttcat 


gcgtgtggtc 


gcgcntacgt 


35820 


acgtgtgc 












35828 



<210> 18 
25 <211> 9301 

<212> DNA 
<213 > Homo sapien 



<400> 18 



tagaggagaa 


gtctttgggg 


agggttcgct 


ctgagcacac 


ccctttccct 


ccctccgggg 


60 


ctgagggaaa 


catgggacca 


gccctgcccc 


agcctgtcct 


cattggccgg 


catgaagcag 


120 


agaggggctc 


taaaaaggcg 


accgtgtctc 


ggctggagac 


cagagcctgc 


gccactggaa 


180 


ggtggcgcgc 


cctcctctgg 


ctggtaccat 


gcagctccca 


ctggccctgt 


gtctcgtccg 


240 


cctgctggta 


cacacagcct 


tccgtgtagt 


ggagggccag 


gggtggcagg 


cgcucaagaa 


300 


tgatgccacg 


gaaatcatcc 


ccgagctcgg 


agagcacccc 


gagcctccac 


cggagctgga 


360 


gaacaacaag 


accatgaacc 


gggcggagaa 


cggagggcgg 


cctccccacc 


acccctttga 


420 
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gaccaaaggc a.ggggtgga ggagagaatt c.rag.aaaa gatcc.gagg aggrtttaa^ 
aact.ctc^.r tgggaggcrt ggaagaccgg ggragaccca gcgaagattg c.ggc^.c^'g 
ccagcactgg ccgaggaaca gtcttgcctg gaggtggggg aagaatggcc cgccggtgca 
gccntcaaac tcaggcgcag aggcatgagg caacagacgc tggcgagagc ccagggcaaa 
gaggacgctg gggcggtgag gg.atggcat cagggcacca gaacaggctc aggggctcl^ 
aaaagaaaag gtttcaaaga ancrcctcct gggaatatag gagccacptc cagctgctgg 
taccactggg aagggaacaa ggcaagggag cctccca.cc acagaacagc acctgtgggg 
caccggacac .ctatgctgg tgg.ggctgt ccccaccaca cagacccaca tcatgoaa^^ 
cccaggaggt gaacccccag cccgaagggg aagaaacagg c.ccaggcac tcaotaactt 
H> .ggtagtgaga agagccgagg .g.gaacctg g.tcgatcca actgcaagat agc^ccggcg 
tgnggggggg tgtgggggac agacctccac aaagcagtgg ggaggaaggc cagagaggca 

cccctgcagt gtgcantqcc ca^aannrrrr^ r^r^^^^ . 

yyeacccgaa ggaatgggag 1140 

tctccggcac agt.ccag^c cctgacatgg gtgcagctga gcccaggccc cggaggggaa ..oo 

agcagcatcc .ccg.gcagg agcagggaca .c.g.cctca gcagccaccc cagtcccaa^ i.^O 

cccgcctcat tccaggggag ggagaaggaa gaggaacccr gggctcctgg tcaggcctgc 13^0 

acagagaagc ccaggtgaca gcgtgcatct ggctccacaa rcggcaggaa tcctgaggcc 1380 

acgggggcgt c.gaaacgac acctcagac. aagagcr.cc ctgtcctctg gccat.atcc X440 

aggtggcaga gaagtccact gcccaggccc ctggacccca gccccccccg cctcacaacc 1500 

tgttgggact acggggtgcc aaaaagggca accgca.ggg aggccagcca ggaccctccg ISSO 

-0 tcttcaaaat ggaggacaag ggcgcctccc cccacagctc cc-rrct;,^^ 

auayucc cc^ctctagg caaggtcagc 1620 

ngggctccag cgactgcctg aagggctgca aggaacccaa acacaaaacg tccacctcgc 168O 

tggactccca cgagaggcca cagcccccga ggaagccaca tgctcaaaac aaagtcacga 1740 

tccgcagagg aagtgcctgg cccaggggcg cta.tctcga aaagccgcaa aacgcccccc 18OO 

tccccgggca aacgcccccc tgaccacaca cacattccag ccccgcagag gcgaggatgc 13S0 

aaaccagccc acagaccaga aagcagcccc agacgacggc agtggccaca tcccccctgc .920 

tgtgcttgct ccccagagcg gggg.ggggg g.ggccttct c.gtcccctc tccggtctgg i^so 

tctcaagac. a.tttncact ctc.ctcgtc aca.cggaac catccccatg aaacctttgg 2040 

gggtggacng gcactcacac gacgaccagc tatc.aaaaa gctcccaccc atctaagtcc 2100 

accataggag aca.ggccaa ggtgcgcgca ggggancagg ccaggcctcg gagcccaa.c 2160 

nctgcccgcc cagggagtat caccatgagg cgcccac.ca gataacacag aacaagaaa. 2220 

gtgcccagca gagagccagg tcaacgcttg tggcagccga acccgcaggt tttgggtcag 2280 

agctcagggc ccctanggca ggaaagnaac gacagcaaaa agcagccctc agccccatcc 2340 

cccagcccag cctcccatgg a.gcccgaac gcagagcc.c caccc.tgcc ggagccaaaa 24 00 

ggtgcggg. ccccagggaa gtggag.ccg gagatgcagc ccagcc.c.c gggcaagtcc 2460 

ttctctctgg ctgggcccca gtacccccac tga.aa.gag ggggccggac acactgcctc 2520 
tgattccctt caagcctaat gaattcctgc cctgaccacc tccccctcag tcccccgccc 
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ccacagcagr tgcrctgatr tatzaccccc aatcaacczc tiacccctctc zccaccczct 264C 

g-ccacccct cccaagtggc tggaaaagga atccgggaga agcc:agagcc aggcagaagg 2700 

cgtgctgagt: actcaccccg cccaggccag ggaccctgcg gcacaagtgc ggctcaaa.c 2760 

ataagaagac cccagaagag aaatgataat aaraatacat aacagccgac gccrtcagcc 2320 

a.atgtgcca aarggratct tccgcactgc gtgtg.aatg gactaacccg caacgcttgg 2SS0 

ggcggcccat tctgcagaca ggaagaagag agaggctaag gaacttgccc aagatgacac 2940 



3000 



ccgcagtgag cga-ggagcc ctggtgcttg aaccccagca gccatttggc cccgagggga 

cagggtgcgc aggagagccc tccaccagct ctagagcatc cgggaccrcc ctgcaataga 3060 

tgcccagggg caaaagcccc tggagacagg cttggcaaaa gcagggccgg ggcggagaga 3120 

gacgggccgg cccagggcag gggcggccag gcgggcggcc acccccacgc gcgccrctct 3i80 

ccacagacgt gnccgagtac agccgccgcg agcrgcacct cacccgctac gtgaccgacg 3240 

ggccgtgccg cagcgccaaa ccaancar.-n ^rtr^^r.^^r^..^ 

--i ^L.c^yye:ucty ugcggcccgg 3300 

cgcgcccgct gcccaacgcc atcggccgcg gcaagtggtg gcgacctagc gggcccgacc 3360 

tccgctgcat ccccgaccgc taccgcgcgc agcgcgrgca gctgc.gcgr cccggtggtg 3420 

aggcgccgcg cgcgcgcaag gcgcgcctgg tggcctcgtg caagtgcaag cgcctcaccc 3480 

gcctccacaa ccagtcggag cccaaggact ncgggaccga ggccgctcgg ccgcagaagg 3540 

gccggaagcc gcggccccgc gcccggagcg ccaaagccaa ccaggccgag ctggagaacg 3600 

cctactagag cccgcrccgcg cccctcccca ccggcgggcg ccccggcccc gaacccgcgc 3660 

cccacatttc tgtcctctgc gcgtggttcg actgttcata ttccattgta aatgcctgca 3720 
acccagggca gggggctgag accttccagg ccctgaggaa tcccgggcgc cggcaaggcc 



3780 



cccctcagcc cgccagctga ggggccccac ggggcagggg agggaattga gagtcacaga 3840 
caccgagcca cgcagccccg cctctggggc cgcccaccc. tgccggcccc acttcagagg 3900 
aggcagaaat ggaagcacct tcaccgccct gggg.tc.aa gggagcggtg tgggagcggg 3960 
aaagtccagg gactggtcaa gaaagctgga taagatcccc ccttgcacct cgccgcccat 4020 
cagaaagcct gaggcgtgcc cagagcacaa gactgggggc aactgcagat gtggtcncta 
gtcctggctccgccactaac ttgctgtgca acctrgaact acacaactcc ccctcgggac 
ctcaacttcc actttgtaaa atgagggtgg aggtgggaat aggacctcga ggagaccatt 
ggcatatgat tccaaggacr ccagtgcctt ttgaatgggc agaggtgaga gagagagaga 4260 
gaaagagaga gaatgaacgc agntgcactg attcagtgcc aaggtcacct ccagaatcca 4320 
gagtcgtgat gccctcttct gacagccaaa gatgaaaaac aaacagaaaa aaaaaagtaa 
agagcctatt tatggccgac atatccacgg ctgacaaact cccggaagaa gctacgccgc 
ttcccagccr ggcctccccg gacgtctggc cacctccacc cctccacccc aaagaaataa 
catcacccat tggggtagaa aaggagaggg tccgagggcg gtgggaggga tagaaatcac 
atccgcccca accccccaaa gagcagcatc ccc=:ccccga cccatagcca tgttttaaag 
tcaccttccg aagagaagtg aaaggttcaa ggacactggc cttgcaggcc cgagggagca 



4080 
4140 
4200 



4380 
4440 
4500 
4560 
4620 
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gccatcacaa actcacagac cagcacatcc crtttgagac accgccttct gcccaccacc 4740 
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cacggacaca cttctgcc.a gaaaacagc. rct.actgcr cttacacg.g a.ggca.acc 4800 
ttacacraaa agaa.accat tgggggaaaa actacaag.g ccgcacazac gccaagaaac .360 
tgcagagcat aatagctgcc acccaaaaat crtcrtgaaa accatrtcca gacaacctc. 4920 
tactttctgc gcagtrttca attgttaaaa aaaaaaagcc ctaaacagaa gcacacgaca 49SC 
tatgaaagcc cgcaggaccg gccgctttt. tggcaattcc tccacgrggg acttgcccac 5040 
aagaa.gaaa gcagtggttc tcaaagagtc aagttacata tttatcrtcc cacrtaagnt 5100 
atttacgcaa aagtrtcccr rgnagagaat gacaatgcta atactgcttt angaa.taac 5160 
agtccgctcc cccagagccc agagacattg ttaacaaaga caacgaatca tgaccgaaag s^'-O 
gatgtggtct ca.tttgtca accacacatg acgtcatttc cgtcaaagtt gacacccttc 5^80 
ccttggccac cagagcccca accccggaca cacccttgac cgccctc.gg tggccctrgt 53.0 
ggcaat.atg cctrcctctg aaaagrcacg ttratccctt cctctccaaa cccagaccgc 5400 
. ....... v-ayu-o-ucg^ia rcctcttagc agccccccct 5460 

ccargccggc ttccaaaatg ctgctcccat tgtatcactc ccccgctcaa aagcccrcca 
tagcticcccc ctgcccagga tcaagcgcag tttccctatc cgacatggga ggccttcccc 
gctcgactcc caccncccac tccaccaagc ttcccactga ccccaaatgg tcatacagac 
cccrgccncc tnagtttgcc atccacactc agcaccccca acaactaatc cccctrctct 5700 
aggactcaca ttacttgcca tctcttcccc taaccttcca gagacgttcc aatctcccat 5760 
gatcccccrc ccccccgagg tcccagcccc ctttgtctac accactactt tggttccrcaa 
ttcrgttttc cacttgacag tcatrcatgg aggaccagcc tggccaagtc ctgcttagta 
ctggcaraga caacacaaag ccaagcacaa ttcaggacca gctcacagga aacttcatct 
tcttcgaagt gtggatttga tgcctcctgg gtagaaatgt aggaccttca aaagcgggcc 
agccccctgc acttctccca aagtctcgcc tccccaaggt gtcncaatag tgctggatgc 
tagccgagct agcatcccca gatgaagagc aaccctaaag tnacccttca gtcgccctaa 
ggcgggatgg ccaaccggaa agcttcaaat taagtccagc ctaccccggg ggaacccacc 
cccacaaaga aagctgaggc ccctcctgat gacrttgtcag tctaaccacc aataacccac 
ctgaattaat catcatcatc aagtctttga taggtgtgag tgggtaccag tggccggtcc 
cttcctgggg cnccagcccc cgaggaggcc ccagtgagcc cctgcagaaa atccacgcat 6360 
cacgagtgcc tcagggccca gaatacgaga gcaggcagga aacagagaca tcctccatcc 
ctgagaggca gtgcggtcca gtgggcgggg acacgggctc tgggccaggt tcgcgttgtt 
tgtttgtttg ntttgagaca gagtctcgct ctattgccca ggctggagtg cagtgtcaca 
atctcggctt actgcaactt c.gccctccc ggatccaagc gactctcctg c.tcagcctc 
cagagtagct gggattacag gtgcgtgcca ccacgcctgg ctaatttttg tatttttgat 6660 
agagacgggg ttccaccacg ttggccaggc tagtctcgaa ctctcgacct caagtgatct 6720 
gcctgccccg gccccccaaa gtgctgggac tacaggcgtg agccaccaca cccagcccca 6780 
ggtcggtgtt tgaatctgag gagactgaag caccaagggg tcaaatgctc tgcccacagc 6840 
cacacctggg ctcagttccc tgccctaccc ctcacttgag ctgc.agaa cccggtgggc 6900 



5520 
5580 
5640 
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acacgggcaa taaccaggtc acactgt-.CL g-.accaagcg ttargggaat ccaagacagg 
agcaatttgc rczgtggagg ggacgaggca rag- ggrtag " ggaaagct cc acaaagcggg 7020 
cgtcgctcag agattcccca ggrggagaag gggg-rrcca ggcagaaggc acagcccaag 
caaagactgc aagcgcatgg crgcccatgg gracasgaga atccaccact ccccaacacg 
cac^gagtcc ctgccatgtg caaggcaaca rggcggracc aggaacrcca agcaacatcc 7200 
aaacctaggg tccgcrttcr gggacc.gaa gacacaggat ggatcagccc aggccgcaat 7260 
cccactacca cgagggggaa aaaaacccga aggccaaatt gtaggccggg ctagaggcca 
tttatggaaa gttaca.tct acc.acatgg ggccta.aag cccggcgcca arcagaaaag 
gaaraaacaa cagacctagc tgggaggggc agcarrrcgt tgcagggggc ggggcacatg 
ttotgggggt acagccagac tcagggctcg catraacagt ctgagagcaa gacagacaga 
gggatzagaag gaaaraggtc ccct-ctctc tctctctccc tc-ctctctc arrctct-.c 

tctctcacac acacacacaa acac«=^'"'^-^.=>'-' ^r-r^-i- 

^ -w^www^i^^a yyyy'-<-'c:acc catgccccaa 

gtacaaatca ggccacatrt acacaaggag gtaaaggaaa agaacgctgg aggagccaca 7680 

ggaccccaaa acrccctgct tcccccgaat caggcaggac c-.acgcagct gggagggtgg 

agagcctgca gaagccacct gcgagtaagc caagtccaga gtcacagaca ccaaaagcco 

gtgccatgcc ccacacccgc ccacctccca cccgcrrctt gacacagccc tgtgctccac 

aacccggctc ccagatcact gartacagct crggggcctg caccgccctt cccgccacat 

ccccacccca ctcttggaac ctgccctctg tcttctccct tgtccaaggg caggcaaggg 

ctcagctatc gggcagcrtt gaccaacagc tgaggcccct cctgcggctg gagacgcagg 

aggcagggga acartcctct tagrcaacgc gaccatgtgc ccggttcgcc cagggtggtc 

tcgttcacac ccgtaggcca agcgtaatra ctaacagctc ccacttctac tctaaaaaat 

gacccaatct gggcagtaaa ttacatggrg cccacgctat caagagctgc aacttgccgg 

gcgtggtggc tcacacctgt aaccccagta ctttgggacg ccaaggcggg tggatcacct 

gaggtcacga gt.agagact ggcctggcca gcatggcaaa accccatccc caccaaaaat 

acaaaaacca gcaaggcacg gtggcacgca cctg.aaccc caggtactcg ggaggccgag 

acaggagaat ggcttgaacc caggaggcag aggctgcagt gagccaagat cgtgccactg 

ccctccagcc ccggcaacag agcaagactt catcrtcaaaa gaaaaaggat actgtcaatc 

actgcaggaa gaacccaggt aacgaacgag gagaagagag gggctgagtc accatagtgg 8580 

cagcaccgac tcccgcagga aaggcgagac accggg-.cat gggtactgaa gggtgccccg 

aatgacgttc tgcnttagag accgaacccg agccctgaaa gcgcatgccc grtcatgggt 

gagagactaa acccaccatt cctcggcagg tactgaatcc tctcttacgg ccgccctcca 

atgcccaatt tcccracaat tgtccggggt gcccaagctt ctgcccacca agagggccag 

agccggcagc gagcagctgc aggraggaga gataggcacc cacaagggag gcgggaaaga 



6563 



7CS0 
7I4C 



7320 
7380 
7440 
7500 
7560 
7620 



7740 

7300 

7860 

7920 

7980 

8040 

8100 

8160 

8220 

8280 

8340 

8400 

8460 

8520 



8640 
8700 
3760 
8820 



8880 



gagarggaag gagaggggcg cagagcacac acctcccctg cctgacaac. tcctgagggc 8940 
tggtcatgcc agcagattta aggcggaggc aggggagatg gggcgggaga ggaagtgaaa 9000 
aaggagaggg cggggatgga gaggaagaga gggtgaccat ncatccactc cattgctact 9060 
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ggagcctcar ggagcncaca gggagtgccg gcaaggagar ggataacgga cggataa^aa 
acaaacatt. agracaargt ccgggaatgg aaagrtctcg aaagaaaaat aaagccgg.^ 
agcata.aga cagccctgaa ggcggccagg ccaggcattt ctgaggaagt ggcat-tg ^ 



915C 
5240 
ag 930C 
53C1 



<210> 19 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PGR 

<400> 19 
ccggagctgg agaacaacaa g 

<210> 20 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<22 3 > PRimer for PGR 

<:400> 20 
gcactggccg gagcacacc 

<210> 21 
<211> 23 
<212> DNA 

<2a3> Artificial Sequence 



<220> 

-^^ <223> Primer for PGR 



21 



19 
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<4C0> 21 
aggccaaccg cgagaagatg acre 

<210> 22 
<211> 21 
<212> DNA 

<2i3> Artificial Sequence 
<220> 

<223> Primer for PCR 

<400> 22 
gaagcccagg gcgacgtagc a 

<210> 23 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 

<400> 23 
aagcrtggta ccatgcagcc cccac 

<21Q> 24 
<21l> 50 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<=400> 24 

aagcttctac ttgtcatcgt cgtccttgta gtcgtaggcg ttctcc 



23 



21 



25 



agct 5Q 
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<210> 25 
<211> 15 
<:212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 



10 



30 



35 



<400> 25 
gcartggccg gagcacacc 



39 



<210> 26 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 

20 <400> 26 

grcgtcggat ccatggggtg gcaggcgtrc aagaatgat 

<210> 27 
<211> 57 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<4 00> 2'7 

gtcgtcaagc ttctacttgt catcgccctt gtagtcgcag gcgttctcca gctcggc 57 

<210> 28 
<21i> 29 
<212> DNA 
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<213> Artificial S= 



:qut 



<;220> 

<223> Primer for PGR 

<400> 28 
gacttggatc ccaggggtgg caggcgctc 



<210> 25 
<211> 29 
<212> DNA 

<213> Arr. if i ni ^3 1 c^^t,r>«^-. 

— — ^ w 1^ t_4 \„ i iv_ c; 

<220> 

<223> Primer for PGR 

<400> 29 
agcaraagct tctagtaggc gttctccag 

20 <210> 30 

<2il> 29 
<212> DNA 

<213> Artificial Sequence 

25 <220> 

<223> Primer for PGR 

<400> 30 
gacttggatc cgaagggaaa aagaaaggg 



<210> 31 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 



29 



29 



29 
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c223> Primer for PCK 
<400> 31 

agca-aagct ttnaatccaa arcgatgga 

<210> 32 
<211> 33 
<212> DNA 

<213> Artificial Sequence 

<220> 
2 2 3 > PriTis^ fo^ 

<400> 32 

accacgagct cggccccacc acccaccaac aag 

<210> 33 
<2I1> 34 
<2i2> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 



25 <400> 33 

acttagaagc tttcagtcct cagccccctc ttcc 



15 



20 



30 



35 



33 



34 



<210> 34 
<211> 66 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 34 
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66 



aatctggatc cataacrtcg tatiagcatac a- ratacgaa gtta^crgca ggacccgagg 
gccccz 

<21Q> 35 
5 <2ii> 82 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
«r400^ 35 

aatccgaatt ccaccggtgt taactaaaLa accccgtata atgcacgcta tacgaagcca 60 

tagarctaga gtcagcutct ga 



82 

<210> 36 
<211> 62 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 36 

atttaggtga cactatagaa ctcgagcagc tgaagcttaa ccacatggtg gctcacaacc 60 
at 

62 

<2i0> 37 
<211> 54 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 37 
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54 



<210> 38 

<211>31 <212> DNA 

^ <213> Artificial Sequence 

<220> 

<223> Primer for PGR 
<400> 38 

attaccaccg grgacacccg ctccctgaca g 

3 1 

<2i0> 39 
<211> 61 
15 <212> DNA 

<213> Artificial Sequence 

<220> 

<223> Primer for PGR 

20 

<400> 39 

attacttaat taaacatggc gcgccatatg gccggcccct aattgcggcg catcgttaat 60 
t 

61 

25 <210> 40 

<211> 34 
<212> DNA 

<213> Artificial Sequence 

30 <220> 

<223> Primer for PGR 

<400> 40 

attacggccg gccgcaaagg aattcaagac ctga 

35 

<210> 41 
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<2 1 i > 34 
<212> DNA 

<213> Artificial Sequence 

5 <220> 

<223> Primer for PCR 

<400> 41 

attacggcgc gcccctcaca ggccgcaccc agct 
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